DESCRI PTI ON  PRODUCTI ON METHOD OF AROVATI C POLYCARBONATE Technical Field

[ 0001] The present invention relates to a production nethod

of an aromati c

pol ycarbonate. Mire particularly, it relates to a production nethod of an

aromatic pol ycarbonate, which can remarkably restrain gener

ation of eye

boogers at the time of extrusion nolding. Background Art [0002]
Conventionally, an interface nmethod in which an al kali aqueous sol ution of
bi sphenol s and phosgene are reacted in the presence of an organic sol vent,
and a nelting nethod in which bipgdweederdpd a carbonic diester are

pol ycondensation reacted by an ester exchange reaction are
product i opreBYEPLONf METHOD OORt AROMRDE ¥ CRODPOARBONAPRVE al |,

known as a
the nelting

nmet hod by the ester exchange reaction has the advantage that an aronmatic

pol ycar bopgdleni€sl nF£@bdbe produced i nexpensively as conpar

ed with the

interface nmethod. In the nelting nethod, polycondensation reaction is

conduct ed{o®0B] nol ten state using a nolten m xture of raw materials of an
aromat i ¢ di hydroxy conpound and a carbonic diester in the presence of an
ester exchange Tisacpresentainvrgatioandedhtes tboppprgpduadipn wrathehsati on

reaction, 1

of an aromatic polycarbonate. More particularly, it

relates to a production method of an aromatic

pelycarbonate, which can remarkably restrain generation of

eye boogers at the time of extrusion molding.
Background Art

[0002]

Conventionally, an interface method in which an

alkali aqueous solution of bisphenols and phosgene are

reacted in the presence of an organic solvent,

melting method in which bisphenols and a carbonic

and a

diester

are polycondensation reacted by an ester exchange reaction

are known as a production method o¢f an aromatic

polycarbonate. Above all, the melting method by the ester

exchange reaction has the advantage that an aromatic

polycarbonate resin can be produced inexpensively as

compared with the interface method.

In the melting method, polycondensation reaction is

conducted in a molten state using a molten mixture of raw
materials of an aromatic dihydroxy compound and a carbonic
diester in the presence of an ester exchange reaction

catalyst, and after stopping the polycondensation reaction,



an aromatic pol ycarbonate forned into pellets having a given particle size
I s obtained. [0003] By the way, when a thernoplastic resin such as a

pol ycarbonate is extrusion nolded to formpellets, there was the problem
that a deteriorated material generally called eye boogers is generated at
an outlet of a flow path of a die, and adhered thereto, and such a
deteriorated material is mxed into products, resulting in defective
product. To prevent the deteriorated material form being acconpanied with

products, g4 t aiz%ﬂ%ci.%SS?BX EQrbSARYECT £Srhd&aNINtS f paUNERE! Yhadlilyt i S
constituted a factor To gecrease production capacity and to increase

product i i vél$ parfidléVeDiet 1e bexEnelihe present applicant reported that
generation of eye boogers can renmarkably restrained by providing a taper at

an outletypeg3j of a flow path of a die (hereinafter sonmetines referred to
as a "die hole") (see Patent Docunent 1). [0004] Patent Docunent 1:
JP- A- 05- 253997 By thleoskdp, OWwhehe 4 Nthermeplasdtilcenbesint suth layedion is
to Solve [0005] However, as a result of investigations in detail, when
cont i nuoUSo DPEd Fhdb1dté Ol sa dx¥h iy afloDedi M ifor® pellets, there
was the problem that a deteriorated material generally
called eye boogers is generated at an outlet of a flow
path of a die, and adhered thereto, and such a
deteriorated material is mixed into products, resulting in
defective product. To prevent the deteriorated material
form being accompanied with products, it is necessary to
conduct a cleaning frequently, and this constituted a
factor to decrease production capacity and to increase
production loss.
In view of the above, the present applicant reported
that generation of eye boogers can remarkably restrained
by providing a taper at an outlet part of a flow path of a
die (hereinafter sometimes referred to as a “die hole”)
{see Patent Document 1).
[0004]
Patent Document 1: JP-A-05-253997
Disclosure of the Invention
Problems that the Invention is to Solve
[0005]

However, as a result of investigations in detail,

when continuous operation for a long period of time is



carried out, it was revealed that to restrain eye boogers generated on the
outlet part of a die hole, it is not sufficient to only provide a taper on
the outlet part of a die, and further inprovenent is necessary. The present
i nventi on has been nmade to solve those problens in the production of an
aromati c pol ycarbonate. Accordingly, an object of the present invention is
to provide a production nethod of an aromatic polycarbonate, in which eye
boogers at the tinme of extrusion nolding are reduced, and continuous

operati oNgaffied bLARY R WdE CledddFad StRLESLE! CeshRalns e TUIGdEE t he
Probl enms (0006] According to the present invention, theré is provided a

product i ogefi@LREdOfordNtAE OBt e Opise! RINaLe dif NRbRE!, erigedsi mddhat in a
met hod for extrusion nolding an aromatic pol ycarbonate with an extruder and

pel letizi ggeribgefitMo BulyUPrORitel di Rapey oaNdKe htldiepddRioR a shear
rate (y) of the aromatic pol ycarbonate at an outlet of the extruder is in a

range of 4iemm dR8 farbh8rse@ptovemdfitaishfdteskaeys (2) of the aromatic
pol ycarbonate at the outlet of the extruder is in a range of from50 to 200

kPa. [0007] In The piredeat dnhvefioth chasnbeenaidde pol wsodveorttiasd 0 which
the present invention is applied, 3
problems in the production of an aromatic polycarbonate.

Accordingly, an object of the present invention is
to provide a production method of an arocmatic
polycarbonate, in which eye boogers at the time of
extrusion molding are reduced, and continuous operation
for a long period of time is possible.

Means for Solving the Problems
[0006]

According to the present invention, there is
provided a production method of an aromatic polycarbonate,
characterized in that in a method for extrusion molding an
aromatic polycarbonate with an extruder and pelletizing
the same, extrusion molding is conducted under that a
shear rate (y) of the aromatic polycarbonate at an outlet
of the extruder is in a range of from 100 to 500 sec™,
and a shear stress (t) of the aromatic polycarbonate at
the outlet of the extruder is in a range of from 50 to 200
kPa.

[0007]

In the production method of an aromatic

polycarbonate to which the present invention is applied,



it is preferred that the extruder used for extrusion nolding is equipped
with a die for extruder having a taper having a half apex angle of from4
to 20 formed on the outlet part of the die for extruder. The extruder is
preferably that die holes forned on a die plate are arranged in a staggered
state. The aromatic pol ycarbonate is preferably obtained by a reaction

bet ween an aromatic di hydroxy conpound and a carbonic diester. [0008] The
aromati c pol ycarbonate produced by the production nmethod of an aronmatic

pol ycar bongt @ s0f pkbgerpedSeithatNVEeRS | Gk tSudeLl aisdd Y #d10t e thusaQwn ty
average nol ecular weight (M) is 13,000 or nore, the proportion of

hydr oxyl msXdithd G éduipediwitht &rdigaFogr exugtuderf havihg @0 taperol % and
aratio of the total nole nunmber of branched structural units to one nole
of a strusdvirmy anhalfr efpescangliebyft Frdw! & owonRGOr fomwed apni Thier om 0. 1
to 0.8 nol% [0009] [Chem 1] X - (a) [0010] (In the formula (a), X
representeoutdlest At befidthendid fbkyéetreudepup having from1l to 8 carbon
atons, an al kylidene group having from2 to 8 carbon atons, a

The extruder is preferably that die holes formed on
a die plate are arranged in a staggered state.

The aromatic polycarbonate is preferably obtained by
a reaction between an aromatic dihydroxy compound and a
carbonic diester.

[0008]

The aromatic polycarbonate produced by the
production method of an aromatic polycarbonate of the
present invention is preferably that a viscosity average
molecular weight (Mv) is 13,000 or more, the proportion of
hydroxyl group (OH) in the whole terminal groups is from 5
to 50 mol%, and a ratio of the total mole number of
branched structural units to one mole of a structural unit
represented by the following formula (a) is from 0.1 to
0.8 mol%.

[0009]

[Chem. 1]

- OO

[0010]

(In the formula (a), X represents a single bond, an



cycl oal kyl ene group having from5 to 15 carbon atons, a cycloal kyli dene
group having fromb5 to 15 carbon atons, or a divalent group selected from
the group consisting of -0-, -5-, -CO, -SO and -SO2-.) [0011] That is,
the gist of the present invention resides in the followng (1) to (5). (1)
A production nethod of an aromatic pol ycarbonate, characterized in that in
a nethod for extrusion nolding an aromatic polycarbonate with an extruder
and pelletizing the sane, extrusion nolding is conducted under that a shear
rate (y) slkyplhewelt |giowp thfvixgr ufitsmi SLint® § angerkdn f raopendd0 tan 500
sec-3. , and a shear stress (2) at the outlet of the extruder is in a range
of from SAlkyl Pdénd& Pagrédp THeerimegpdEdanon 2nretbod8of carbaen onsatons, a
pol ycarbonate as described in (1), characterized in that a die for extruder
havi ng a ¢ypkraliaylegeagraup dpewimgngfeonf & rbon 45 oc®ffon f aktomd ,om t he
outlet part of the die for extruder is used. (3) The production nethod of
an ar onat¢ychoiriknl bdenecgroupdhavingefirom §1)kood 5 Zarbomaratmwmey,i 281 i n t hat
die holes forned on a die plate are arranged in a staggered state. [0012]
(4) The prodicalemtngrovy seleatedofmemc thel granporansisting ddsci@bed in
any one of (1) to (3), characterized in that the aromatic polycarbonate is
obt ai ned Py~ a TERctii pRO- and -S0.-.)

[0011]

That is, the gist of the present invention resides

in the following (1) to (5).

(1) A production method of an aromatic polycarbonate,

characterized in that in a method for extrusion meolding an

aromatic polycarbonate with an extruder and pelletizing

the same, extrusion molding is conducted under that

a shear rate (y) at an outlet of the extruder is in a

range of from 100 to 500 sec™’, and

a shear stress (1) at the outlet of the extruder is in a

range of from 50 to 200 kPa.

(2) The production method of an aromatic polycarbonate as

described in (1), characterized in that a die for extruder

having a taper having a half apex angle of from 4 to 20°

formed on the outlet part of the die for extruder is used.

(3) The production method of an aromatic polycarbonate as

described in (1) or (2), characterized in that die holes

formed on a die plate are arranged in a staggered state.

[0012]

(4) The production method of an aromatic polycarbonate as



bet ween an aromati c di hydroxy conpound and a carbonic diester. (5) The
production nethod of an aromati c pol ycarbonate as described in any one of
claims 1 to 4, characterized in that a viscosity average nol ecul ar wei ght
(M/) is 13,000 or nore, the proportion of hydroxyl group (OH) in the whole
termnal groups is from5 to 50 nol % and a ratio of the total nole nunber
of branched structural units to one nole of a structural unit represented
by the following fornmula (a) is from0.1 to 0.8 nol% [0013] [Chem 2] X -

ts) [0014dsétibblicihoaiy dned)of X(IEPESSER) S ahardagherieRd i tkkyl ene
group having from1l to 8 carbon atons, an al kylidene group having from2 to

8 carbon ghénsardmati€! opblkytLribogatep DaVidltdinsd5 by 1D Qasdwfici ons, a
cycl oal kyl i dene group having from5 to 15 carbon atons, or a divalent group
sel ect ed hebtweédhe g1 oyramatsicst idihydfroxy , coipoind - &AM, a SRarbuohidO2- . )
Advant age of the Invention [0015] According to the present invention, in
t he diester.
(5) The production method of an aromatic polycarbonate as
described in any one of claims 1 to 4, characterized in
that
a viscosity average molecular weight (Mv) is 13,000
or more, the proportion of hydroxyl group (OH) in the
whole terminal groups is from 5 to 50 mol%, and
a ratio of the total mole number of branched
structural wunits to one mole of a structural unit
represented by the following formula (a) is from 0.1 to
0.8 mol%.
[0013]

[Chem. 2]

X—O——o-—- (a)

{In the formula (a), X represents a single bond, an

[0014]

alkylene group having from 1 to 8 carbon atoms, an
alkylidene group having from 2 to 8 carbon atoms, a
cycloalkylene group having from 5 to 15 carbon atoms, a
cycloalkylidene group having from 5 to 15 carbon atoms, or

a divalent group selected from the group consisting of -0-,



production of an aromatic pol ycarbonate, eye boogers at the tine of
extrusion nol ding are reduced, and continuous operation for a |ong period
of tinme is possible. Brief Description of the Drawings [0016] [Fig. 1] Fig.
1 is a view showi ng one exanple of the production apparatus of an aronmatic
pol ycarbonate. [Fig. 2] Fig. 2 is a view for explaining a vertical cross-
section of a die hole outlet part in the present enbodinent. [Fig. 3] Fig.
3is aviewfor explaining a preferred arrangenent of die holes in the
present endodirgsl, -S@scahdtligen,-0f) Reference Nunerals and Signs [0017] la-i
... DPC supply port |Ib ... BPA supply port 2a ... First raw material m xing
tank 3a Advaltdde®rof YEke Sthvéntfohl ade 4a ... Raw material supply punp 5a

Cat al yst supply port 6a ... First vertical stirring reactor 6b ...
Second ve[edrs] stirring reactor 7 6¢ ... Third vertical stirring reactor
6d ... Fourth vertical stirring reactor 7a, 7b, 7c ... MAXBLEND bl ade 7d

Helical rildetobdinl to the present invention, in the

production of an aromatic polycarbonate, eye boogers at
the time of extrusion molding are reduced, and continuous
operation for a long period of time is possible.

Brief Description of the Drawings

[0016]

[Fig. 1] Fig. 1 is a view showing one example of the
production apparatus of an aromatic poclycarbonate.

[Fig. 2] Fig. 2 is a view for explaining a vertical cross-
section of a die hole outlet part in the present
embodiment.

[Fig. 3] Fig. 3 is a view for explaining a preferred

arrangement of die holes in the present embodiment.

Description of Reference Numerals and Signs

[0017]
la-1 ... DPC supply port
1b ... BPA supply port
2a ... First raw material mixing tank
3a ... Anchor type stirring blade
4a ... Raw material supply pump
5a ... Catalyst supply port
6a ... First vertical stirring reactor
6b ... Second vertical stirring reactor



8a, 8b, 8c, 8d, Be ... Distillation pipe 9a ... Fifth horizontal stirring

reactor 10a ... Stirring blade Ila ... Extruder bib ... De plate 12a,

12b, 12c ... Additive supply port 13a ... Strand cooling device 14a ..

Cutter 15b ... Dehydrator 16a, 16b ... Product silo Bla, 81b, 8lc, 81d, 8ie
Condenser 82a, 82b, 82c, 82d, 82e ... Pressure reducing device 1 ..

Tapered part 2 ... Die hole edge dianeter 3 ... Die hole inner dianeter 4
Edge of die hole outlet part 5 ... Taper depth 9 ... Die hole 10 ..

Die plate L ...g&api| | phyrdpgipi 85t s ML hgr réakyknNg Qut the Invention
[0018] 8 The best node for carrying out the invention (hereinafter, the

present enbodi ngdit) , | SPEEE€ER | PEELiBal d8tdkriRg| p¥actBe present invention is
not limted to the follow ng enbodinents.

7a, 7Tb, 7¢ ... MAXBLEND blade

7d ... Helical ribbon blade

8a, 8b, 8¢, 8d, 8e ... Distillation pipe
9a ... Fifth horizontal stirring reactor
10a ... Stirring blade

lla ... Extruder

11b ... Die plate

12a, 12b, 1l2c ... Additive supply port
13a ... Strand cooling device

l14a ... Cutter

15b ... Dehydrator

16a, 16k ... Product silo

8la, 81lb, 8lc, 81d, B8le ... Condenser
82a, 82b, 82c, 82d, 82e ... Pressure reducing device
1 ... Tapered part

2 ... Die hole edge diameter

3 ... Die hole inner diameter

4 ... Edge of die hole outlet part

5 . Taper depth

9 ... Die hole

10 ... Die plate

L ... Capillary length

Best Mode for Carrying Out the Invention

[0018]



[0019] (Aromatic polycarbonate) In the present invention, the aromatic
pol ycarbonate 1is not particularly limted as long as it is produced by any
nmet hod of an interface nmethod and a nelting nethod. In the foll ow ng
enbodi nent, a nethod of producing an aromatic pol ycarbonate by continuously
conducting a nelt polycondensation reaction using an aromatic di hydroxy
conpound and a carbonic diester as raw materials in the presence of an
ester exchange catal yst is described below as one exanple. [0020]
(Aromatic di hydriexy Bespoumdielh&Eoar oreddByihdly doQyy &R&pOoWIsrdiftichr N t he
present enbodi ment includes a conpound represented by the follow ng
general f(Hegtdindfiter| OORg prawsnt 3]enbddimernt) Farstuldeschibdd( ArOH (X) 9
(Y)q [0022] In the general formula (1), A represents a single bond, a
strai ght -déeainl behowbhedl'lts pyesent dimvénthionhydr ao&r Admidgedutchasheng from 1
to 10 carbon atonms which my be substituted, or a dival ent group
repr esentfollbywily , embodiments.
[0019]
(Aromatic polycarbonate)
In the present invention, the aromatic polycarbonate
is not particularly limited as long as it is produced by
any method of an interface method and a melting method.
In the following embodiment, a method of producing
an aromatic polycarbonate by continuously conducting a
melt polycondensation reaction using an aromatic dihydroxy
compound and a carbonic diester as raw materials in the
presence of an ester exchange catalyst is described below
as one example.
[0020]
(Aromatic dihydroxy compound)
The aromatic dihydroxy compound used in the present
embodiment includes a compound represented by the
following general formula (1).

[0021]

[Chem. 3]



-S-, -CO or -S2-. X and Y represent a hal ogen atomor a hydrocarbon group
having from1l to 6 carbon atons. p and q are an integer of 0 or 1. X and Y,
and p and q nay be the sanme or different, respectively. [0023] Specific
exanpl es of the aromatic di hydroxy conmpound include bisphenols such as

bi s(4- hydr oxydi phenyl ) met hane, 2, 2- bi s(4- hydr oxyphenyl ) pr opane,

2, 2-bi s(4- hydroxy-3- nethyl phenyl) propane,

2, 2- bi s(4- hydr oxy- 3-t-butyl phenyl)- propane,

2, 2- bi s( 4adnckr X YFSxa T Mei Ny| phenyl ) pr opane,

2, 2- bi s(4- hydr oxy- 3, 5-di bronophenyl ) pr opane, 4, 4-bi s(4-
hydroxyphenyl)hrptane and I s(4-hyd henyl ) - cycl ohexane; biphenols
such as 4, 4'-di hydro
3,3 ,5,5 -tetranet hy
bIS(4 hydroxyphenyl)sulfld henyl) ether, and

bi s(4- hydroxyphenyl)ketone( t hose, 2¥§IS(4 hydr oxyphenyl ) pr opane 10

(" bi sphenol A", hereinafter sJﬁetlnes as Yiated as "BPA") is preferred.
Those ar of#22] di hydr oxy conpounds can be used alone or as mxtures of two
or nore thereof. [0024] (Carbonic diester) The carbonic diester used in the
present enbodi Ment thendernsnala fompulad (Bpr cBemtegrasentie &oldimgley gener al

formula (2) [0025]
bond, a straight-chain, branched or c¢yclic divalent

4 C§14- hydr oxyphenyl ) sul f one,

hydrocarbon group having from 1 to 10 carbon atoms which
may be substituted, or a divalent group represented by -0-,
-S-, -CO- or -S0,-. X and Y represent a halogen atom or a
hydrocarbon group having from 1 to 6 carbon atoms. p and
q are an integer of C or 1. X and ¥, and p and q may be
the same or different, respectively.

[0023]

Specific examples of the aromatic dihydroxy compound
include bisphenols such as bis(4-hydroxydiphenyl)methane,
2,2-bis (4-hydroxyphenyl)propane, 2,2-bis{4~hydroxy-3-
methylphenyl)propane, 2,2-bis(4-hydroxy-3-t-butylphenyl)-
propane, 2,2-bis (4~hydroxy-3,5~dimethylphenyl)propane,
2,2-bis (4-hydroxy-3,5-dibromophenyl)propane, 4,4-bis(4-
hydroxyphenyl) heptane and 1,1-bis(4-hydroxyphenyl) -
cyclohexane; biphenols such as 4,4’ -dihydroxybiphenyl and
3,3,5,5' -tetramethyl-4,4’' -dihydroxybiphenyl; bis (4-
hydroxyphenyl) sulfone, bis(4-hydroxyphenyl)sulfide, bis (4~
hydroxyphenyl) ether, and bis (4-hydroxyphenyl)ketone.

of those, 2,2-bis (4-hydroxyphenyl)propane

10



[Chem 4] General Fornmula (2) 0 O-A" 9-0-A" [0026] In the general formula
(2), A represents a straight-chain, branched or cyclic nonoval ent

hydr ocarbon group having from1l to 10 carbon atons which may be
substituted. Two A's may be the sane or different. [0027] Specific exanples
of the carbonic diester include diphenyl carbonate, a substituted di phenyl
carbonate such as ditolyl carbonate; dinethyl carbonate, diethyl carbonate
and di-t-butyl carbonate. O those, diphenyl carbonate (hereinafter

somet i mes (wgbbpguhai edans " BRI Qi ¥t SUbShbEithes JaBReRylatabonae it
are preferred Those carbonic diesters can be used alone or as mixtures of
two or nongpAfpr §@f .pidESledNe TRLBAN LrdhOELEr diRYdRBxYE RciRshnts

di carboxylic acid or dicarboxylic ester in an anmount of preferably 50 nold
or less, oaf pereseachikondl ¥yr3Qsmifit@tebess. twbeokCALLEE RhalrebE .
dicarboxylic acid or dicarboxylic ester includes terephthalic acid,

| sopht hal [o0241d, di phenyl terephthal ate and di phenyl isophthal ate. Wen

(Carbonic diester)
The carbonic diester used in the present embodiment

includes a compound represented by the following general

formula (2)
[0025]
[Chem. 4]

General Formula (2)

|
N—0—b—o-n
[0026]

In the general formula {2y, A represents a
straight-chain, branched or cyclic monovalent hydrocarbon
group having from 1 to 10 carbon atoms which may be
substituted. Two A’s may be the same or different.

[0027]

Specific examples of the carbonic diester include
diphenyl carbonate, a substituted diphenyl carbonate such
as ditolyl carbonate; dimethyl carbonate, diethyl
carbonate and di-t-butyl carbonate.

Of those, diphenyl carbonate (hereinafter sometimes

abbreviated as “DPC”) and a substituted diphenyl carbonate

11



the carbonic diester is replaced by such a dicarboxylic acid or

di carboxylic ester, a polyester carbonate is obtained. [0029] Those
carbonic diesters (including the above replaced dicarboxylic acid or

di carboxylic ester, and hereinafter the sane) are used in an anmount excess
to the dihydroxy conpound. Specifically, the carbonic diester is used in a
nolar ratio of generally from1.01 to 1.30, and preferably from1.02 to
1.20, to the aromatic di hydroxy conpound. Were the nolar ratio is smaller

than 1.0lapéeppbfabrell. Jr8BReOicarbRmlcO MildSrdid Yeah bBRARLD AR S
i ncreased, and there is the tendency that thermal stability of a resin

det eri or apesSas Ghikbereshef bBwedorkere therabkar ratio is |larger than 1. 30,
reaction rate of the ester exchange lowers, and it is difficult to produce

an 12 ar poo28F pol ycarbonate having the desired nol ecul ar wei ght.
Addi tionally, residual amount of a carbonic diester in a resinis
I ncreased, and The scarhonteuliesberhmagabec replagdad Mt divearbowylafc nol d
processi ng and odor of a nolded article, which is not preferred. [0030]
(Est er exatiddgercaliamariioxylllicc cssber cinhangamainmt yof pseferabillye 0 esent
enbodi ment i ncludes catal ysts generally used in producing

mol% or less, and more preferably 30 mol% or less.

The representative dicarboxylic acid or dicarboxylic
ester includes terephthalic acid, isophthalic acid,
diphenyl terephthalate and diphenyl isophthalate. When
the carbonic diester is replaced by such a dicarboxylic
acid or dicarboxylic ester, a polyester carbonate is
cbtained.

[0029]

Those carbonic diesters (including the above
replaced dicarboxylic acid or dicarboxylic ester, and
hereinafter the same) are used in an amount excess to the
dihydroxy compound.

Specifically, the carbonic diester is used in a
molar ratio of generally from 1.01 to 1.30, and preferably
from 1.02 to 1.20, to the aromatic dihydroxy compound.
Where the molar ratio is smaller than 1.01, terminal OH
group of the aromatic polycarbonate obtained is increased,
and there is the tendency that thermal stability of a
rasin deteriorates. On the other hand, where the molar

ratio is larger than 1.30, reaction rate of the ester

exchange lowers, and it is difficult to produce an

12



an aromati c pol ycarbonate by an ester exchange nethod, and is not
particularly limted. In general, exanples of the «catalyst include basic
conpounds such as an alkali nmetal conpound, a beryllium or nmagnesi um
conpound, an al kaline earth nmetal conpound, a basic boron conpound, a basic
phosphorus conmpound, a basi c amoni um conpound, and an am ne conpound. O
those ester exchange catal ysts, an alkali nmetal conpound is practically
desirabl e. Those ester exchange catalysts nmay be used al one or as m xtures

of two Oramgti&hgaigaarieﬁaeat BavEhgN RS Jetlideéd tmd FediSEsk | o fgh@nge of
generally from 1x109 To 1x10-1 nol, and preferably from 1x10-7 to 1x10-2

ol , per AR4EtPénhiEydr d@dliiduall hatEONY 0€O0BP WHkbok 093dkedheralikald Net al

conpound includes inorganic alkali 13 nmetal conmpounds such as hydroxides,

carbonat epedid iy Higedasdd PoRALE WA OHAYS rebudltkald ERéalcausabPr gani ¢
al kali metal conpounds such as salts of alkali netals with alcohols,

phenol s 06d6f Jamodheokdmé CofiCindid prydestnd arndeodbkabif rEtmdlded| ude
lithium sodium potassium rubidiumand cesium O those alkali netal
conpoundsardigékéi uvhienpasndoti prpfekeeded, and cesium carbonate, cesium
hydrogen carbonate and cesi um hydroxide are particularly preferred.
[0030]
{(Ester exchange catalyst)

The ester exchange catalyst used in the present
embodiment includes catalysts generally used in producing
an aromatic polycarbonate by an ester exchange method, and
is not particularly limited. In general, examples of the
catalyst include basic compounds such as an alkali metal
compound, a beryllium or magnesium compound, an alkaline
earth metal compound, a basic boron compound, a basic
phosphorus compound, a basic ammonium compound, and an
amine compound.

Of those ester exchange catalysts, an alkali metal
compound is practically desirable. Those ester exchange
catalysts may be used alone or as mixtures of two or more
thereof.

The ester exchange catalyst is used in a range of
generally from 1x10™° to 1x10°! mol, and preferably from
1x1077 to 1x1072 mol, per mole of the aromatic dihydroxy
compound.

[0031]

The alkali metal compound includes inorganic alkali

13



[ 00321 Exanpl es of the berylliumor magnesi um conpound and the al kal
earth netal conpound include inorganic alkaline earth nmetal conpounds such

as hydroxi des or

net al s;

or ganocar boxyl i c acids.
calcium strontium and bari um

include a sodiumsalt, a potassiumsalt, a lithiumsalt, a cal cium

nmagnesi Uniéedl . aohpoundssalducid asst mMipiddudded |

Exanpl es of the boron conpound include tetranethyl boron, tetraethyl
t et r apr ofysrdrdgewncatbbriabat gompounds bfi adkAllicmatallkor and drgaridyl benzyl

bor on,

trimet hyl phenyl boron, triethyl- nmethyl boron, triethyl benzyl
triethyl pdikeyli étal cddpdbundst ghbhnagl shdtenpft mlkalydl meaalls o,

tetraphenyl boron, benzyltriphenyl boron, nmethyltriphenyl boron and
butyl tri phlbegholbsy opheh8D84] oExarghascatbblrylheas iacigsas p Examp leeaaind

i ncl ude

trival ent phosphorus conpounds such as triethyl phosphi ne,

tri-n-prodye phakkal be, metalsopnopypldphodplthiem,t risodivmyt yigoicehiuxe,

tri phenyl phosphi ne and tri butyl phosphi ne;

derived frumidimeand cesium.

Of those alkali metal compounds, a cesium compound
is preferred, and cesium carbonate, cesium hydrogen
carbonate and cesium hydroxide are particularly preferred.
[0032]

Examples of the beryllium or magnesium compound and
the alkaline earth metal compound include inorganic
alkaline earth metal compounds such as hydroxides or
carbonates of beryllium, magnesium and alkaline earth
metals; and salts of those metals with alcohols, phenols
and organocarboxylic acids. Examples of the alkaline
earth metal include calcium, strontium and barium.

[0033]

Examples of the basic boron compound include a
sodium salt, a potassium salt, a lithium salt, a calcium
salt, a magnesium salt, a barium salt and a strontium salt
of a boron compound. Examples of the boron compound
include tetramethyl boroen, tetraethyl boron, tetrapropyl
boron, tetrabutyl boron, trimethylethyl boron,
trimethylbenzyl boron, trimethylphenyl boron, triethyl-

methyl boron, triethylbenzyl boron, triethylphenyl boron,
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i ne

carbonat es of beryllium nagnesium and al kali ne earth
and salts of those netals wth al cohols, phenols and

Exanpl es of the alkaline earth netal include
[ 00331 Exanpl es of the basic boron conpound

salt, a

ehrBohater carwund.

bor on,

bor on,

and quat ernary phosphonium salts



conpounds. [0035] Exanples of the basic anmmoni um conpound i ncl ude

t et ranet hyl ammoni um hydr oxi de, tetraethyl amoni um hydroxi de,

t et rapr opyl anmoni um hydr oxi de, tetrabutyl- amoni um hydroxi de,

tri met hyl et hyl anmoni um hydr oxi de, tri nmethyl benzyl ammoni um hydr oxi de,
tri met hyl phenyl ammoni um hydr oxi de, tri et hyl met hyl ammoni um hydr oxi de,
triethyl- benzyl anmoni um hydr oxi de, triethyl phenyl amoni um hydr oxi de,
tri butyl benzyl anmoni um hydr oxi de, tributyl phenyl ammoni um hydr oxi de,

t et r aphenyt apRep] bdh 2y BéEén , be&zﬂﬁ%m%wﬂ HBESH UM duaipH iyl
met hyl t ri phenyl ammoni um hydr oxi de and utyl tri phenyl anmmoni um hydroxi de.

[0036] Exgspbes HerZiEl ialigloer@lD Bdién ,nph_ﬂdﬂy‘itiﬂhﬁénﬁnyrﬁsfﬂﬁ, and
2-am nopyridine, N, N-di nmethyl-4-am nopyridine, 4-diethylam nopyridine,
2- hydr oxypyty it ffphaenygkt Be¥yn . 15 pyridi ne, 4-nmethoxypyri dine,
2-di net hyl am noi m dazol e, 2- nethoxyi m dazol e, i m dazol e,
2- mer capt pooB4lpzol e, 2- nethylim dazol e and am noqui nol i ne. [0037]
(Production nethod of aromatic pol ycarbonate) A production method of an
aromati ¢ pol ycatkxamplesi f deher iHxesh de phosphays odompoandofirmeilwdenat i C
pol ycarbonate is conducted by preparing an aromatic di hydroxy conpound and
trivalent phosphorus compounds such as triethylphosphine,
tri-n-propylphosphine, triisopropylphosphine, tri-n-
butylphosphine, triphenylphosphine and tributylphosphine;
and gquaternary phosphonium salts derived from those
compounds .
[0035]

Examples of the basic ammonium compound include
tetramethylammonium hydroxide, tetraethylammonium
hydroxide, tetrapropylammonium  hydroxide, tetrabutyl-
ammonium  hydroxide, trimethylethylammonium  hydroxide,
trimethylbenzylammonium hydroxide, trimethylphenylammonium
hydroxide, triethylmethylammonium hydroxide, triethyl-
benzylammonium hydroxide, triethylphenylammonium hydroxide,
tributylbenzylammonium hydroxide, tributylphenylammonium
hydroxide, tetraphenylammonium hydroxide, benzyltriphenyl-
ammonium hydroxide, methyltriphenylammonium hydroxide and
butyltriphenylammonium hydroxide.

[0036]
Examples of the amine compound include 4-amino-

pyridine, 2-aminopyridine, N,N-dimethyl-4-aminopyridine,

4-diethylaminopyridine, 2-hydroxypyridine, 2-methoxy-
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a carbonic diester compound as raw materials (raw material preparation
step) and subjecting those conpounds to a multi-stage pol ycondensati on
reaction using plural reactors in the presence of an ester exchange
reaction catalyst under a nolten state (polycondensation step). The
reaction nethod may be any of a batch nethod, a continuous nethod, and a
conbi nati on of a batch nethod and a continuous nethod. The reactors used
conprise plural vertical reactors and the subsequent at |east one

hori zont 8l L £4ELQT - 4l-ThelSHHEE ildIORE, [ 82GiRbEnPiSmiAbinTlaa3oha Sl es, and
treatnen?$¥s condlct ed con??#ﬁghslyf After the§po ;condensa?Foﬁ step, the

reaction hath&kPPReda¥bil,a t epiHASLIE,I N 2 aRdldaptlimiHyRA ed raw
mat erial s and reaction by-products are renoved, additives such as a heat

stabi | i ZepeBRY1 Ami8h88se aHANAm2h8qadH8dinkeXtrusion step), and a strand of
an aromatic 6 pol ycarbonate resin discharged fromthe extruder is cool ed,

and fornedoosyp pellets having a given particle size (pelletization step).
Each step of the production nmethod is described below [0038] (Raw
materi al ppepaistion méehddABfaapsmhticdpbigearxbonateound and a carbonic

di ester used as raw materials of an aromatic pol ycarbonate

A production method of an aromatic polycarbonate is
described below.

The production of an aromatic polycarbonate is
conducted by preparing an aromatic dihydroxy compound and
a carbonic diester compound as raw materials (raw material
preparation step) and subjecting those compounds to a
multi-stage polycondensation reaction using plural
reactors in the presence of an ester exchange reaction
catalyst under a molten state (polycondensation step).
The reaction methed may be any of a batch method, a
continuous method, and a combination of a batch method and

a continuous method. The reactors used comprise plural

vertical reactors and the subsequent at least one

horizontal reactor. In general, those reactors are
arranged in series, and treatment is conducted
continuously.

After the polycondensation step, the reaction is
stopped with a terminator in an extruder, unreacted raw
materials and reaction by-products are removed, additives
such as a heat stabilizer and a release agent are added

(extrusion step) , and a strand of an aromatic
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are generally prepared as a nolten m xture using a batch, sem-batch or
continuous stirring tank type apparatus in an atnosphere of an inert gas
such as nitrogen or argon. For exanple, in the case of using bisphenol A
(BPA) as the aromatic di hydroxy compound and di phenyl carbonate (DPC) as
t he carbonic diester, the tenperature of nelt mxing is selected froma
range of generally from 120 to 180C, and preferably from 125 to 160C. In
this case, proportions of the aromatic di hydroxy conpound and the carbonic

di ester apelpdarBéRdteUghsifaliisthargadb@tion AhRs et ivdedX Gas cosldl Ar e
adj usted such that the carbonic diester is a proportion of generally from

1.01 to laR8 fdrmédd inEs eipdllpts OWatving t a lg2Pefiviparpbslavi£igd the
aromati ¢ di hydroxy conpound. [0039] (Polycondensation step)
Pol ycondegpalletibatiaonestep) exchange reaction 17 between the aronmatic
di hydr oxy conpound and the carbonic diester is continuously conducted by a
mul ti-stage stebach geeeraf ythest pgeductionr epethddpris erdddoribenddn 3 to 7
stages. Specific reaction conditions are that tenperature is in a range of
from 150 »el@®0C, pressure is in a range of fromnormal pressures to 0.01
Torr (1.3 Pa), and an average residence tine is in a range of from5 to 150
m nutes. [M038th reactor of a nulti-stage step, further high

(Raw material preparation step)

An aromatic dihydroxy compound and a carbonic

diester used as raw materials of an aromatic polycarbonate

are generally prepared as a molten mixture using a batch,

semi-batch or continuous stirring tank type apparatus in

an atmosphere of an inert gas such as nitrogen or argon.

For example, in the case of using bisphenol A (BPA) as the

aromatic dihydroxy compound and diphenyl carbonate (DPC)

as the carbonic diester, the temperature of melt mixing is

selected from a range of generally from 120 to 180°C, and

preferably from 125 to 160°C.

In this case, proportions of the aromatic dihydroxy

compound and the carbonic diester are adjusted such that

the carbonic diester is excess, and are adjusted such that

the carbonic diester 1is a proportion of generally from

1.01 to 1.30 mol, and preferably from 1.02 to 1.20 mol,

per mole of the aromatic dihydroxy compound.

[0039]

(Polycondensation step)

Polycondensation by an ester exchange reaction
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tenperature and further high vacuum are set stepwise wthin the above
reaction conditions in order to further effectively discharge phenol

by- produced with the progress of the pol ycondensation reaction. It is
preferred to set to a tenperature as |ow as possible and a residence tine
as short as possible to prevent deterioration of quality such as hue of the
aromati ¢ pol ycarbonate obtained. [0040] In the case of the pol ycondensation
of a nmulti-stage step, generally a plurality of vertical reactors equi pped

With a Sthéfdhdén VRS A HNWCaiRYdraRyY TRYIARN Ahd tRACIQArHen ¥ OVi ded
as the final step, thereby increasing an avérage nol ecul ar wei ght of an

aronat i ¢ @Déy€ef bosakBntinliBudeyt coakucead! 84S aPmiitdcGRige G aldy 2 to
5, and preferably 3 to 4. The vertical reactor used herein neans a reactor

that an agésefillpt 2t i9otagésaoctt inidrey Bhadeptsferibigalrohd I pespendi cul ar
direction). Shape of the vertical reactor is that aratio (L/D) of length L
of a strasgdedodyspacifidoraactionr céhditienhsDatle ahatnHedparathsy | ess,

and preferably 0.5 to 3. [0041] Exanples of the type of the stirring bl ade

in the vestinah raageoofi fromdd58 ther [(H20°CH| plesspareddlis Hmde,rangef audl er

bl ade, an anchor bl ade, a FULLZONE bl ade (rmanufactured by Shinko Pant ek

Co., Ltd.9f £rsanmdrmal pressures to 0.01 Torxr (1.3 Pa), and an
average residence time is in a range of from 5 to 150
minutes.

In each reactor of a multi-stage step, further high
temperature and further high wvacuum are set stepwise
within the above reaction conditions in order to further
effectively discharge phenol by-produced with the progress
of the polycondensation reaction. It is preferred to set
to a temperature as low as possible and a residence time
as short as possible to prevent deterioration of quality
such as hue of the aromatic polycarbonate obtained.

[0040]

In the case of the polycondensation of a multi-stage
step, generally a plurality of vertical reactors equipped
with a stirring blade are connected, and a horizontal
reactor is provided as the final step, thereby increasing
an average molecular weight of an aromatic polycarbonate.

The vertical reactors provided are generally 2 to 5, and
preferably 3 to 4.

The vertical reacteor used herein means a reactor

that an axis of rotation of a stirring blade is vertical
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bl ade (manufactured by M tsubishi Heavy Industries, Ltd.), a MAXBLEND bl ade
(manufactured by Sumitono Heavy Industries, Ltd.), a helical ribbon bl ade,
and a lattice- type twi sting blade (manufactured by Hitachi, Ltd.). [0042]
Furthernore, the horizontal reactor means a reactor that an axis of
revolution of a stirring blade is horizontal (horizontal direction).
Exanpl es of the stirring blade in the horizontal reactor include single
shaft stirring blades such as a disc type and a paddle type, and two-shaft

stirring g éﬁn&i@l@f HYRec®EBn f epd ULed thkal tugidy Heavy

I ndustri es, Bi vol ac (nanu?acture by Sum t onp Fbavy I ndustries,

Ltd.), a1§pesaacaeramlaectmbad%ﬁrmhregmtiIsz hyRerBlighe Do Haa ured by
H tachi, Ltd.). [0043] The ester exchange catalyst used in polycondensation

19 betveetot ba aimiet i @idindEdroXy 6ENNOUBdaare:xt hes car hani Tes@i e IS
general ly previously provided as an aqueous sol ution. Concentration of the
cat al yst paeferabkpl 0tbobo Bs not particularly limted, and is adjusted to
an optional concentration according to solubility of a catalyst in water.
O her sol yesdaipuch as acetone, al cohol, toluene or phenol can be sel ected
in place of water. Properties of water used for dissolution of the catalyst
are not particutzampylés noffectlss tppg axf ttkekistdrring blade in the

vertical reactor include a turbine blade, paddle blade, a

pfaudler blade, an anchor blade, a FULLZONE blade

(manufactured by Shinko Pantek Co., Ltd.), a sanmeler

blade (manufactured by Mitsubishi Heavy Industries, Ltd.),

a MAXBLEND blade (manufactured by Sumitomo Heavy

Industries, Ltd.), a helical ribbon blade, and a lattice-

type twisting blade (manufactured by Hitachi, Ltd.).

[0042]

Furthermore, the horizontal reactor means a reactor

that an axis of revolution of a stirring blade is

horizontal {horizontal direction). Examples of the

stirring blade in the horizontal reactor include single

shaft stirring blades such as a disc type and a paddle

type, and two-shaft stirring blades such as HVR, SCR, N-

SCR (manufactured by Mitsubishi Heavy Industries, Ltd.},

Bivolac (manufactured by Sumitom¢ Heavy Industries, Ltd.)},

a spectacle-shaped blade and a lattice-type blade

(manufactured by Hitachi, Ltd.).

[0043]

The ester exchange catalyst used in polycondensation
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and concentration of inpurities contained are constant. |In general,
distilled water, deionized water and the |like are preferably used. [0044]
(Extrusion step) After the pol ycondensation step, unreacted raw materials
in a nolten reactant, an ester exchange catal yst, a hydroxy conpound

by- produced in an ester exchange reaction, and a | ow nol ecul ar wei ght
conpound such as an aromatic pol ycarbonate oligoner are renoved in an
extrusion step. This renoval is generally conducted continuously by a

vent ed edilipln TS SULIIATC USPRESoRP! BB Udd Lhil Kitlpor0(ATp! o5 of

t he extruder 1 nclude vent t1-screw extruders. In

particul %i?%ﬁt 530 &MH%r&MQ‘ ﬁfé%@éﬁ%@ U%?ow}i%éﬁ ehgr r&d. JfAeRhig

direction o axi S of the™extruder

20 the difdaieidn di reshE@RLEREELR0BE T NWDEIyoE ¥Edbobs s3IV Y

mul tiple vents of from2 to 10. In the extrusion step, it is preferred to

neutral i zes agsl degggityeatak reshidad, bagha egker suladede &@f alagst in
the aromatic pol ycarbonate after the pofycondensatlon reaction with an

acidic CWW tbhcdfErualibnes actirdingdn €dIPPE&EabR1SLFe- bgactd on in
t he extruder, and renove residual unreacted raw materials and hydroxy
conpound.cafdDf$t in water. Other solvent such as acetone, alcohol,
toluene or phenol can be selected in place of water.
Properties of water used for dissclution of the
catalyst are not particularly limited as long as the kind
and concentration of impurities contained are constant.
In general, distilled water, deionized water and the like
are preferably used.
[0044]
(Extrusion step)
After the polycondensation step, unreacted raw
materials in a molten reactant, an ester exchange catalyst,
a hydroxy compound by-produced in an ester exchange
reaction, and a low molecular weight compound such as an
aromatic polycarbonate oligomer are removed in an
extrusion step. This removal is generally conducted
continuously by a vented extruder.
The extruder used is not particularly limited.
Examples of the extruder include vented single-screw or
multi-screw extruders. In particular, a mating type twin-

screw extruder is preferred. Rotating direction of the

axis of the extruder may be the same direction rotation or

20
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(Pelletization step) The strand-shaped aromati c pol ycarbonate di scharged
fromthe extruder in the extrusion step generally passes through a strand
bath and is pelletized by a strand cutter. Thereafter, the pellets obtained
are subjected to water renoval by a dehydrator or the like, and then placed
in a product silo. [0046] (Production apparatus) One exanple of the
production nethod of an aromatic polycarbonate to which the present

enbodi ment is applied is specifically described belom/based on the

dr awi ngs. +£4 Oqi kraseR e | Bt SN 0rgREL EXAIP! G1Y A& UGE! QRneapparatus of
an aromati c porycarbonate I'n the production apparatus shown 1n Fig. 1, an

aromati ¢ pohyeR DY rﬁ%ﬁti?lepﬁaﬂﬁﬁegftb&@ﬂgﬁ gof gy material preparation step
which prepares an aromatic di hydroxy conpound and a carbonic 21 diester as

raw material s, pRdcRePak¥eaBiensstep) $kChs WraFarGAW UL néutralize
polycondensatlon reaction of those raw materials in a nolten state using

plural reggdoddactitateaithRy rdidRils Vdsibeeaatartlexchadigt IR, ar e
formed through an extrusion step in which unreacted raw materials and

reacti on Dy- gheduftsmiti® polliyearbonatantafdr ERED R vihdy 480N
additives are added, followed by nelt kneading, and a pelletization step.
[ 0047] reaction with an acidic compound or its derivatives. This

can suppress a side-reaction in the extruder, and remove

residual unreacted raw materials and hydroxy compound.

[0045]

{Pellatization step)

The strand-shaped aromatic polycarbonate discharged
from the extruder in the extrusion step generally passes
through a strand bath and is pelletized by a strand cutter.
Thereafter, the pellets obtained are subjected to water
removal by a dehydrator or the like, and then placed in a
product silo.

[0046]
(Production apparatus)

One example of the production method of an aromatic
polycarbonate to which the present embodiment is applied
is specifically described below based on the drawings.

Fig. 1 is a view showing one example of a production
apparatus of an aromatic polycarbonate. In the production
apparatus shown in Fig. 1, an aromatic polycarbonate is

produced through a raw material preparation step which

prepares an aromatic dihydroxy compound and a carbonic
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Afirst raw material mxing tank 2a and a raw material supply punp 4a for
supplying the raw materials prepared to a pol ycondensation step are
provided in the raw material preparation step. For exanple, an anchor type
stirring blade 3a is provided in the raw material mxing tank 2a.
Furthernore, to the raw material m xing tank 2a, diphenyl carbonate (DPC)
as the carbonic diester is supplied in a nolten state froma DPC supply
port la-1, and bisphenol A (BPA) as the aronatic di hydroxy conpound is
suppl i ed diestop\Wiey Fad emhteialBPA sHEP| ¥ PBlyddnderSaisesWtep
bi sphenol A (BPA) is nelted in a nolten diphenyl carbonate (DPC). [0048] A
first verwhich slonducts reagiolycondensitimid reactionl «ff i thosg rmact or 6b,
athird vertical stirring reactor 6¢c and a fourth vertical stirring reactor
6d whi ch m2Resi®lsonihact ad moldwen esstatel augihgh pdnradnt desitiard .ng
reactor 9a connected to the subsequent stage of the fourth vertical
stirring Thexdaftéd, i rpakiets avf prlovi cabmatide pglgtoeadndentsat iaome st ep.
MAXBLEND bl ades 7a, 7b and 7c are provided in the first vertical stirring
react or 6Eormédd thooogh van t esdirustion i sigep cant ovhidth andrehetetdi mawerti cal
stirring reactor 6¢c, respectively. A helical ribbon blade 7d is provided in
the fourtmaterials| and r réagtienchyrewdudts t har @reoliesnt ingagtpnst ade 10a
is provided in the fifth

are removed and optional additives are added, followed by

melt kneading, and a pelletization step.

[0047]

A first raw material mixing tank 2a and a raw
material supply pump 4a for supplying the raw materials
prepared to a polycondensation step are provided in the
raw material preparation step. For example, an anchor
type stirring blade 3a is provided in the raw material
mixing tank 2a.

Furthermore, to the raw material mixing tank 2a,
diphenyl carbonate (DPC) as the carbonic diester is
supplied in a molten state from a DPC supply port 1la-1,
and bisphenol A (BPA) as the aromatic dihydroxy c¢ompound
is supplied in a powder state from a BPA supply port 1b.
As a result, bisphenol A (BPA) is melted in a molten
diphenyl carbonate (DPC).
[o048]

A first vertical stirring reactor 6a, a second

vertical stirring reactor 6b, a third vertical stirring

reactor 6c and a fourth vertical stirring reactor 6d which
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horizontal stirring reactor 9a. Distillation pipes 8a, 8b, 8c, 8d and Be for
di schargi ng by-products or the |ike fornmed by polycondensation reaction are
fitted to five reactors, respectively. The distillation pipes 8a, 8b, 8c,
8d and Be are connected to condensers 8la, Bib, Blc Bid and 8le,
respectively, and each reactor is maintained in a given reduced pressure
state by pressure reduci ng devices 82a, 82b, 82c, 82d and 82e. [0049] An
extruder |la having additive supply ports 12a, 12b and 12c is provided in

the extrusloNeghfilletfdSinAEe SO0 | Nandey C& R H\QLE??HQQELS sacigzriq{q?" shaped

aromati c pol ycarbonate discharged froma die plate b fitted to tthe tip of

the extrudgdcéd 08 Eshh6Etddato iheNsiBbeqhBRtCaRhEE Sl AR iftud 1 0i ven

particle size, a dehydrator 15a for renoving water “in pellets, and product

23 sil os Jbeepuih 160 MR Ry SbQE€oFr 6&UiRCLLRE 8saheePpRWvARRd it It

pel I etization step. [0050] In the present embodinent, the aromatic
pol ycar bgsslesnden s £6i 69 tBepeXxt MARBLENDAaD1AdRSs0ld £M7b ShAleE TicS ad I uded

into a strand shape froma die hole outlet of the di e plate Ilb fitted to
an out | etpdvided ent rikter fikat edtiicalaseirkings denasmar gat hathed shear
rate (y) at the outlet of the extruder Ila is in a range
second vertical stirring reactor 6b and the third vertical
stirring reactor 6c, respectively. A helical ribbon blade
7d is provided in the fourth vertical stirring reactor 6d.
Furthermore, a stirring blade 10a is provided in the fifth
horizontal stirring reactor 9%a.

Distillation pipes 8a, 8b, 8c, 8d and 8e for
discharging by-products or the like formed by
polycondensation reaction are fitted to five reactors,
respectively. The distillation pipes 8a, 8b, 8c, 8d and
Be are connected to condensers 8la, 8lb, 8lc 8ld and 8le,
respectively, and each reactor is maintained in a given
raduced pressure state by pressure reducing devices 82a,
82b, 82c, 82d and 82e.

[0049]

An extruder 1l1lla having additive supply ports 12a,
i2b and 12c is provided in the extrusion step.

A strand cooling device 1l3a which cools a strand-
shaped aromatic polycarbonate discharged from a die plate
1l1b fitted to the tip of the extruder 1la, a cutter 1l4a

which cuts the cooled strand into a given particle size, a

dehydrator 15a for removing water in pellets, and product
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of from100 to 500 sec 1, and a shear stress (t) is in a range of from50
to 200 kPa. [0051] The shear rate (y) and shear stress (t) of an aromatic
pol ycarbonate are generally cal cul ated based on the follow ng equations.
Shear rate (y) (sec 1)=32Q 1CD3/h Shear stress (t) (kPa)=-y/1000 In the
equations, Qis a volunme velocity (nB/sec) of an aromatic polycarbonate, D
Is a die hole edge hole dianeter (m of a die hole outlet fornmed on the die
plate ilb, his the nunber of holes forned in the die plate Ilb, and is

an appar e§i19d S£6s! bnd( D Whidh 3terR! idridd|peridedahee pasﬂovam ent
viscosity (PaS) was obtained such that the correl ations befween nelt

Vi scosi t yi inche (ERd £ 2 iomNélediet ween nelt viscosity and shear rate on
the aromatic polycarbonate used are neasured with a 24 capill orheoneter

(L/ D=10/ 1poosond the corresponding nelt viscosity value is estimated from
the shear rate calculated by the above equation and a resin tenperature at
a die hole outlmi. [@he2] |prebenpreseambedimehtpnt, thwen exdromtde nol di ng

is conducted such that the shear rate (y) at the outlet of the extruder
|l a and telydexborrdtessuppliade fal Ithe akthiderhellbbove- desadlitech r anges,
deteriorated materials

state is extruded into a strand shape from a die hole

outlet of the die plate 1l1lb fitted to an outlet of the

extruder lla. In this case, it is necessary that a shear

rate (y) at the outlet of the extruder lla is in a range

of from 100 to 500 secd, and a shear stress (1) is in a

range of from 50 to 200 kPa.

[0051]

The shear rate (y) and shear stress (1) of an
aromatic polycarbonate are generally calculated based on
the following equations.

Shear rate (y) (sec™')=32Q/aD/h

Shear stress (1) (kPa)=u-y/1000

In the equations, Q is a volume velocity (nP/sec) of
an aromatic polycarbonate, D is a die hole edge hole
diameter (m) of a die hole ocutlet formed on the die plate
ilb, h is the number of holes formed in the die plate 1llb,
and p is an apparent viscosity (Pa'S) of an aromatic
peolycarbonate. The apparent viscosity (Pa'S) was obtained
such that the correlations between melt viscosity and

temperature, and between melt viscosity and shear rate on

the aromatic polycarbonate used are measured with a
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generally call ed eye boogers are greatly reduced from being adhered on the
outlet of a given nunber of die holes provided on the die plate |l b. The
shear rate (y) at the outlet of the extruder Ila is affected by a vol une
velocity of an aromatic polycarbonate, that is, a production rate, and a
dianeter -of the die hole fromthe above equation. Wiere the shear rate (y)
I s excessively small, discharge flowrate at the die hole outlet is
extrenely dropped, and take-off stability of a strand tends to deteriorate.
On the other . hang where the ShfS?B ate Q¥) s excessively large,.there is

the tendefidpilfgrhpemeten; ¢ (LLDF corﬂ’? the cPrTespRpEingyrBedy
tenperature ri se _due to. shear, heat ene o and_t he s e of |l ets

obt ai ned F&SFPEHEY to"a:'o"ée nofdni foF ? su °8 en’fh%ools% of f% ®strand.
Furthernnre g S res g at tqi outlaé t he e truder I s not
al ways unSaurise 513 R SWRA & &) ?%pﬁ’é?g?ﬁ?ned and
Is al so afEe t bx 18 ggk&e |sc05|ty of a resin. In other words, when a
resin tenpe uPe 'Sccof Mg to a viscosity (nolecul ar weight) of an

aromatic ggbg?ar bonate is adjusted to an appropriate range, the advantage
of the presen |nvent|on can be achieved further properly Where the shear

Teeiny S 1 esi ERCERS @'&degt e other and, ‘\gf\‘hpere t{ﬁ 8 Thonr -

resin, and resin scorc ten to occur e shear
stress (tLohausfgas%ﬁﬁﬂytﬁQEQQhe shear rate (y) at the outlet of

the extruder l1lla and the shear stress (1) are fallen
within the above-described ranges, deteriorated materials
generally called eye boogers are greatly reduced from
being adhered on the outlet of a given number of die holes
provided on the die plate 1llb.

The shear rate (y) at the outlet of the extruder 1lla
is affected by a volume velocity of an aromatic
polycarbonate, that is, a production rate, and a diameter
of the die hole from the above equation. Where the shear
rate (y) is excessively small, discharge flow rate at the
die hole outlet is extremely dropped, and take-off
stability of a strand tends to deteriorate. On the other
hand, where the shear rate (y) is excessively large, there
is the tendency that it is difficult to control a resin
temperature by temperature rise due to shear heat
generation, and the shape of pellets cobtained is liable to
be nonuniform by insufficient cocoling of the strand.

Furthermore, the shear stress (1) at the outlet of

the extruder 1lla is not always unequivocally determined if

25



there is the tendency that the die hole outlet is |liable to be clogged, and
it is difficult to conduct stable operation. [0053] The preferred
enbodi ment of the die plate lib fitted to three vent holes of the extruder
Ila is described below. Fig. 2 is a viewfor explaining a vertical cross
section of a die hole outlet part in the present enbodinent. A die plate 10
shown in Fig. 2 conprises plural circular pipe-shaped die holes 9, and a
nolten resinis supplied to the die hole 9 fromthe upper part of Fig. 2.
The die hole 9 conprises an opening part 8 having an inner dianeter reduced
in tw stéhpesshearhzaggpdy) per defexsrined dnd platalsppaffechesd hwy part 6
formed with a constant inner dianeter (die hole inner dianeter 3 (0))
toward t he RREt 6t ecesiFEt Ofapt TPFdM -t hén| afBereMerés, whenoFediafithart 8,
and a tapered part 1 having_a given 26 die hole edge _dianeter 2, a given
hal f apexteBRA%AYWe pgcordingeto v dVRhsSORE tWhdmgilechdps wadayt)paf on the
| ower portion of the die plate Il b. As shown in Fig. 2, when the tapered
part 1 i<afopreRakic H%°Jcﬁf£a¥h‘|’%a%t A& diested) tojqan 4 2pPRORFIRLE hol e
outlet part is forned wder than _the die hole inner diameter 3 (éﬁ%.

he | ower

Fur t her noF2R9%y hditht aqvagitage, Pfhcth8t (BRP3PPFhet YRR IO e 981 ¢
ggd. | For;aicﬁ-giré\;# h:?u(r)gﬁg:irn%r%%retrl%.()f tr}hhe%:edi&gl glt'xgag is regesfi&?d isS a
o] ar .

excessively small, foaming phenomenon and decomposition of
a resin, and resin scorch tend to occur. On the other
hand, where the shear stress (t) is excessively large,
there is the tendency that the die hole outlet is liable
to be clogged, and it is difficult to conduct stable
operation.
[0053]

The preferred embodiment of the die plate 11lb fitted
to three vent holes of the extruder lla is described below.

Fig. 2 is a view for explaining a vertical cross
section of a die hole outlet part in the present
embodiment. A die plate 10 shown in Fig. 2 comprises
plural circular pipe-shaped die holes 9, and a molten
resin is supplied to the die hole 9 from the upper part of
Fig. 2. The die hole 9 comprises an opening part 8 having
an inner diameter reduced in two stages at the upper
portion of the die plate 11b, a capillary part 6 formed
with a constant inner diameter ({(die hecle inner diameter 3

(P)) toward the die hole outlet part from the lower end of

the opening part 8, and a tapered part 1 having a given
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[ 0054] The half apex angle (0) of the tapered part 1 is preferably from4
to 20. Where the half apex angle (0) is excessively small, the effect for
restrai ning generation of eye boogers is insufficient. Wiere the half apex
angle (0) is excessively large, there is the tendency that when cl eaning
the edge 4, a resin accunul ates, and is liable to be scorched. The taper
depth 5 of the tapered part 1 is generally adjusted in a range that the die
hol e edge dianeter 2 is 1.05to 1.3 tinmes the die hole inner dianmeter 3.

Wiere thed apsie d€RLE aifhetBe 2APY &l VY thdif Sapikeaniyie) y(efysra%!d, the

effect for restraining generation of e€ye boogers may be i nsufficient. Were

the tapers degbdr Swhidthe¥cassi vigd Yaiear §81aNGuicedsat HCofBEhEUNiget er of
the strand at the tine of a Barus effect, a gap i's generated between a die

and a regdrtioKl bEerdd sdidieptandenay .t haks ghowhennc!®iqi ng,t hhetdge 4, a
resin accunul ates, and is liable to be scorched. [0055] The shape of an

i nl et pargheftiperddephetel9 ignFdited i kilgyndsbaReleaddtlvE RRirt)ave a
taper. The shape of an inlet part of the die hole 9 is determned in

consi der adn osdyé t & Pteyhoet 408 hblgesatabtopast HBl Forined: wider( ddfadcti ve
phenomenon of filmsurface). The material of the die plate 10 used is
gener al | ytlve sdibé Nhe¥@ inner diameter 3 (P). PFurthermore, a height
L of from the bottom of the die plate 10 to the lower end
portion of the opening part 8 of the die plate 9 is
defined as a capillary length.
[0054]

The half apex angle (B) of the tapered part 1 is
preferably from 4 to 20°. Where the half apex angle (0) is
excessively small, the effect for restraining generation
of eye boogers is insufficient. Where the half apex angle
(0) is excessively large, there is the tendency that when
cleaning the edge 4, a resin accumulates, and is liable to
be scorched.

The taper depth 5 of the tapered part 1 is generally
adjusted in a range that the die hole edge diameter 2 is
1.05 to 1.3 times the die hole inner diameter 3. Where
the taper depth 5 of the tapered part 1 is excessively
small, the effect for restraining generation of eye
boogers may be insufficient. Where the taper depth 5 is
excessively large and exceeds the maximum diameter of the
strand at the time of a Barus effect, a gap is generated

between a die and a resin, and there is the tendency that
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steel (SUS304 and the like), a tool steel (iron alloy containing from1l to
13% of C, and from0.8 to 1.2% of M), and the |like. [0056] The nunber and
arrangenent of die holes 9 formed in the die plate 10 can be determ ned
according to a size of pellets, the shear rate (y) in the die hole 9, and
the like. The preferred arrangenent of plural die holes 9 forned in the
die plate 10 is described below Fig. 3is a view for explaining the
preferred arrangenent of die holes in the present enbodinment. Fig. 3 shows

the strugiue g&etaﬁ_& §iyntﬂé8%ege48,uréa&%3%dea Eumh D8 edEC &L e;50. As

shown in Fig 1Tty die holes 9 forned at the resin discharge surface

side of thewied P!l sdfeHSsaal ternately arranged such that nei ghboring
two die holes 9 are nutually deviated in a vertical direction and a

hori zont ajgghgection to an extent of a 28 radius length, respectively, and
constitutes a stagger- shaped arrangenent which forns a dense filling as a

whole. [0057] riee ﬁié(}?@doﬁhaﬂeﬂnibQW%tai& RE Wi et Bollasohahgese fromthe
extruder Ila is passed through a strand cooling device 13a, and pelletized

Wi th a Clierkddwn Ahhpe, D \Hdly NGt cChave! A a dratwé shapet b€ pellets
are introduced into product silos 16a and 16b. (0058]
an inlet part of the die hole 9 is determined in
consideration with prevention of generation of melt
fracture (defective phenomenon of film surface). The
material of the die plate 10 used is generally a stainless
steel (SUS304 and the like), a tool steel (iron alloy
containing from 11 to 13% of Cr, and from 0.8 to 1.2% of
Mo), and the like.
[0056]

The number and arrangement of die holes 9 formed in
the die plate 10 can be determined according to a size of
pellets, the shear rate (y) in the die hole 9, and the
like. The preferred arrangement of plural die holes 9
formed in the die plate 10 is described below.

Fig. 3 is a view for explaining the preferred
arrangement of die holes in the present embodiment. Fig.
3 shows the structure at a resin discharge surface side of
the die plate 10. As shown in Fig. 3, thirty die holes 9
formed at the resin discharge surface side of the die
plate 10 are alternately arranged such that neighboring

two die holes 9 are mutually deviated in a vertical

direction and a horizontal direction to an extent of a
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It is preferred that the aromatic pol ycarbonate produced in the present
enbodi nent has a viscosity average nolecular weight (M/) of 13,000 or nore.
Where the viscosity average nol ecul ar weight (M) is excessively |ow,

there is the tendency that mechanical strength such as inpact resistance is
decreased. [0059] It is preferred that the proportion of hydroxyl group
(OH) in the whole term nal groups of the aromatic polycarbonate is in a
range of from5 to 50 nol % Were the proportion of the hydroxyl group (OH)

is excessiahis 38R, hedspdetihe1} endeiryYcbhatibites! 4 hetaggaati C
pol ycar bonat e obtai hed deteriorates.” On the other hand, wherethe

proporti hapled Ra-rutifdnent GiPidh (£ddms Sa EatSSSEVEL Ingaa8ca WRalesStability
of the aromatic polycarbonate tends to deteriorate. [0060] 29 Furthernore,

it is prefopgmgd that the aromatic pol ycarbonate produced in the present
enbodi nrent has a ratio of the total nole nunmber of branched structural

units to one mruhe OftRafdrskapedl atdmatiRPESEBpéLtbbyatdedibbehadyeag fornul a
(a) (degree of branching, unit: mol% in a range of fromO0.1 to 0.8 nold.

When t he firgl cehof exbi-adelri Ndad sid apaesedl thirdughe @bsteandngeolange! t
tension is high, blow nolding is good, and there is the tendency that a
product deaing gd3a,heahdstpdlletizadd vitchi 2 cutter 1l4a. After
removing water with a dehydrator 15a, the pellets are
introduced into product silos 16a and 16b.
[0058]

It is preferred that the aromatic polycarbonate
produced in the present embodiment has a viscosity average
molecular weight (Mv) of 13,000 or more. Where the
viscosity average molecular weight (Mv) is excessively low,
there is the tendency that mechanical strength such as
impact resistance is decreased.

[0059]

It is preferred that the proportion of hydroxyl
group (OH) in the whole terminal groups of the aromatic
polycarbonate is in a range of from 5 to 50 mol%. Where
the proportion of the hydroxyl group (OH) is excessively
small, there is the tendency that hue of the aromatic
polycarbonate obtained deteriorates. On the other hand,
where the proportion of the hydroxyl group (OH) is
excessively large, heat stability of the aromatic

polycarbonate tends to deteriorate.

[0060]
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obt ai ned. Exanpl es of the branched structural unit typically include the
structures represented by the followwng fornulae (b) to W [0061] [Chem

5] X -1 (a) [0062] 30 [Chem 6] X (b) 000- O (d) top-x--c-x_-6; -00 00-
~ [0063] In the formulae (a) and (b) to (e), X represents a single bond, an
al kyl ene group having from1l to 8 carbon atons, an al kylidene group having
from2 to 8 carbon atons, a cycloal kyl ene group having from5 to 15 carbon
atons, a cycloal kylidene group having fromb5 to 15 carbon atons, or a

O VTSI 91 0UP FAGAS T B UBLEREELE Tl Qe Soms R - SO
polycarbonate produced in the present embodiment has a
ratio of the total mole number of branched structural
units to one mole of a structural unit represented by the
following formula (a) (degree of branching, unit: mol%) in
a range of from 0.1 to 0.8 mol%. When the degree of
branching is fallen within the above range, a melt tension
is high, blow molding is good, and there is the tendency
that a product having good heat stability and hue is
obtained.

Examples of the branched structural unit typically
include the structures represented by the following
formulae (b) to (e).

[0061]

[Chem. 5]

{-O-O—4)

[0062]
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structural units represented by the above fornulae (b) to (e) to one nole
of a structural unit represented by the 31 above fornmula (a) (degree of
branching) is obtained based on the anount of each different kind of
structural units neasured with high performance |iquid chromatography
(HPLC), gel perneation chromatography (GPC) and the |like after alkal

hydrol ysis of the aronmatic pol ycarbonate produced. For exanple, when

bi sphenol A (BPA) is used as an aromatic di hydroxy conpound, the structural
units reassent by the above fornulae (a) and (b) to (e) are detected as
t he conpounds of the following fornulae (f) to (j), respectively, in high
performance |iquid chronatography (HPLC) and the like after al kali

hydrol ysis of ft he 3 = and therefore can be

guantitati vel f N y ' ‘ ," - runbyndex of a standard materi al
of each conpouRd. G4 . : /' HOXM-i )-OH ( f ) 6H3 V H3

[0063]

In the formulae (a) and (b) to (e), X represents a
single bond, an alkylene group having from 1 to 8 carbon
atoms, an alkylidene group having from 2 to 8 carbon atoms,
a cycloalkylene group having from 5 to 15 carbon atoms, a
cycloalkylidene group having from 5 to 15 carbon atoms, or
a divalent group selected from the group consisting of -0-,
-8-, -CO-, -S0- and -S0,-.

[0064]

The ratio of the total mole number of branched

structural units represented by the above formulae (b) to

(e) to one mole of a structural unit represented by the
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OHC tH3 '-1-H3 HO CH3 -~ 3L/ -OH(h) OOHH30C i~ Coo" HO GH XH3
H (i) HO3CHB g---~- HOO? '"H' 33C~HV HXXH(]) ~ ~, H3 ~H3
COON [0066] Specifically, calibration curves of concentration and peak
area are prepared using a standard material of each conpound, and each
content is quantitatively determ ned. [0067] The present invention is
described further specifically based on the Exanples. However, the present
invention is not limted to the follow ng Exanples so far as it does not

depar t . f rﬁg«?éw} gi'.'lﬁ'lt.l a( J(L) v(%%%etey c?f’%fﬁ’?cﬁ@ﬁ&f ukgr o%hg.lﬁted( MQseQi

aronatli c PO ycar onate
on the amount of each different kind of structural units

measured with high performance 1liquid chromatography
(HPLC), gel permeation chromatography (GPC) and the like
after alkali hydrolysis of the aromatic polycarbonate
produced.

For example, when bisphenol A (BPA) is used as an
aromatic dihydroxy compound, the structural units
represented by the above formulae (a) and (b) tec (e) are
detected as the compounds of the following formulae (f) to
(3), respectively, in high performance liquid
chromatography (HPLC) and the like after alkali hydrolysis
of the aromatic polycarbonate, and therefore can be
quantitatively determined from an absorbance index of a
standard material of each compound.

[0065]
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A viscosity average nol ecul ar weight (M/) of an aromatic pol ycarbonate was
obtained fromthe following equations by neasuring a limted viscosity [Tl]
at 20C in nmethylene chloride using Ubbell ohde visconeter. rlsp/C=['p] X
(1+0. 28ijap) [71] =1.23X10-4X (M/) 0.83 (In the equations, Tlap is a
specific viscosity of a nethylene chloride solution of an aromatic

pol ycarbonate neasured at 20C, and Cis a concentration of this nethylene
chl oride solution. The nethylene chloride solution used has an aronatic

pol ycar bofisi e € entration of 0.6 g/dl.) [0068] (2) Proportion of

hydr oxyl group ?gs-l) in whole termnal groups of aromatic pol ycarbonate The
proportion of hydrg in the whol e term nal groups of an
aromatic poly Hjmes referred to as "term nal
hydr oxyl group WL ?: ) was obtai ned by dissol ving
0.02 g of a sanple in 0. #H38 of chI orof orm containing deuterium neasuring
the nunber of termnal hydroxyl groups (eq/g) and the number of term nal
phenyl groups (eg \ng 1H NMR (JNM A1400, a product of JEQOL
Co., Ltd.), aRd-c pat=iXre AOPR|  hyglpoxyl group concentration (nol %
by the foll ow ng e%e €rm nal hydroxyl group concentration (nol %

(Number of OOH
CHa H3
Ho—{:j>»m« i—4<::>—on (h)
éHs éHa
OOH
COOH
3”3 ?Hs
HO~ OH (i)
HOO éHa CH3
on HOO "
3 3
H X 3—-<::>r~ou (5
6H3 éHs '
COOH
[0066]

Specifically, calibration curves of concentration
and peak area are prepared using a standard material of
each compound, and each c¢ontent is quantitatively
determined.

[0067]

The present invention is described further
specifically based on the Examples. However, the present
invention is not limited to the following Examples so far
as it does not depart from its gist.

(1) Viscosity average molecular weight (Mv) of aromatic
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term nal hydroxyl groups) / ( Number of term nal hydroxyl groups + nunber
of term nal phenyl groups)x100 [0069] (3) Degree of branching (unit: nol %
The degree of branching of an aromatic pol ycarbonate is expressed by a
ratio (nol% of the total nole nunber of the branched structural units
represented by the above- described fornmulae (b) to (e) to one nole of the
structural unit represented by the above-described fornmula (a)
Specifically, the content of each structural unit was obtai ned by

cal cul atignon FedMbPatgol %9 of the nole number of the respective structural
units represented by the fornulae (g) to (j) to one nole of the structural

unit representged Jisddi P! Avetradle haieduldr! hGedBREUN QPN oflesdy | bed
bel ow. [0070] First, 1 g of an aromatic pol ycarbonafe (sanple) was

di ssol vechidina#fle MpAycmiton£6e 6falsOr bBeaingd 18réh Ofth& £FH%cswAdg!IM

met hoxi de net hanol solution and 80 nml of nethanol were added thereto. 25 n
of pure vednedtidrss Bgdarbalstrifg raeslinitgd N"vxsdeeitiollhgwed @0t iim i ng at
roomtenperature for 2 hours, thereby conpletely hydrolyzing. Thereafter,
I N hydr oalehiyTeme | chhwsidddesihg Ubbal BOhd8ovisaemateen to neutralize, and
a nmet hyl ene chloride
Nsp/C=I[N1X(1+0.281,y)
[N1=1.23x107*x (Mv) %83
(In the equations, N, is a specific wviscosity of a
methylene chloride solution of an aromatic polycarbonate
measured at 20°C, and C is a concentration of this
methylene chloride solution. The methylene chloride
solution used has an aromatic polycarbonate concentration
of 0.6 g/dl.)
[0068]
(2) Proportion of hydroxyl group (OH) in whole terminal
groups of aromatic polycarbonate
The proporticon of hydroxyl group (OH) in the whole
terminal groups of an aromatiec polycarbonate (hereinafter
sometimes referred to as ‘“terminal hydroxyl group
concentration”) (unit: mol%) was obtained by dissolving
0.02 g of a sample in 0.4 ml of chloroform containing
deuterium, measuring the number of terminal hydroxyl
groups (peq/g) and the number of terminal phenyl groups
(peq/g) at 30°C using 'H-NMR (JNM-A1400, a product of JEOL
Co., Ltd.), and calculating a terminal hydroxyl group

concentration (meol%) by the following equation.
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| ayer was separated to obtain a hydrolyzate. [0071] Next, 0.05 g of the
above hydrolyzate was dissolved in 10 m of acetonitrile, and nmeasurenent
was conducted using negative phase high performance |iquid chromatography
(HPLC). The negative phase high performance liquid chromatography (HPLC)
used a m xed solvent conprising acetonitrile and 10 nM of an ammoni um
acetate aqueous solution as an elute, and neasurenent was conducted at a
colum tenperature of 40C under the condition that an acetonitrile/10 nM

anmmoni um @eah a ol Wt r akl | e < b &P MJe20/ 80
and endi ng toﬁ%%bl 2@). @t egtrbg Ebhent2atlancthol /1 & c#fz )

tionh was conducted using det ect or

avel engt P ik in2B0 HYArGRE OdrotoB) PIUNurtle SNoTRUELrFDERDT Hydixy il 0072]

The structural unitS represented by the above- described formulae ™ (a) to (e)

are det ecgﬁhﬁé_ihamseﬁp@ﬂn%rﬁinéheﬂ:ﬁaﬁwlgﬁoﬁﬁh)woéj)- The structural
unit was identified using LCGM (Agilent-1100, a product of Agilent) and

NVR (AL-4p§oee) product of JECL Co., Ltd.). Furthernore, regarding the
content of each structural unit, a calibration curve (concentration/peak
area) was(Py pagese ofi Bganchingdgunienteslie) of each conpound, and the

content of each structural unit was quantitatively 36 determ ned.

The degree of branching of an aromatic polycarbonate
is expressed by a ratio (mol%) of the total mole number of
the branched structural units represented by the above-
described formulae (b} to (e) to one mole of the
structural unit represented by the above-described formula
(a).

Specifically, the content of each structural unit
was obtained by calculating a ratio (mol%) of the mole
number of the respective structural units represented by
the formulae (g) to (j) to one mole of the structural unit
represented by the formula (f) based on the measurement
described below.

[0070]

First, 1 g of an aromatic polycarbonate (sample) was
dissolved in 100 ml of methylene chloride, and 18 ml of a
28% sodium methoxide methanol solution and 80 ml of
methanol were added thereto. 25 ml of pure water was
added to the resulting mixture, followed by stirring at
room temperature for 2  hours, thereby completely
hydrolyzing.

Thereafter, 1N hydrochloric acid was added to the
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[0073] (4) Shear rate (y) and shear stress (t) Shear rate (y) and shear
stress (t) of an aromatic polycarbonate were cal cul ated based on the

foll owing equations, respectively. Shear rate (y) (sec-1)=32Q 1r,D3/h
Shear stress Cr) (kPa)=y/1000 In the fornulae, Qis a volune velocity
(nB/sec), D is an edge hole dianeter (m at a die plate outlet, his the
nunber of holes in a die plate, and is an apparent viscosity (PaS) . The
apparent viscosity (Pa-S) was obtained by that the correlations between

melt viscesliy %#ﬂ@?r %Burﬁeutﬁgﬂxk’ét Weky my! tm¥£ﬁ Qéhéy % rorate

on the aromatic ycar bonat e used are previously sured

Cap'||0rhf£§3£eﬁa£Lé£EQQéééd EBdoﬁﬂﬁlﬁOErﬁ?aﬂainQtEE|t viscosity value is
estimated fromthe shear rate (y) calculated by the above fornula and a

resin tenmpgppiyre at a die hole outlet. [0074] (Aronmatic polycarbonate)
(Synthesis Exanple 1: Melting nethod) An aromatic pol ycarbonate was

synthesi zed by Néft, CONDENYOWE PEKEIUSHLE8 AREZbAVEAtaNEE ididddlved under

the follow ng conditions. 37 First, in a raw material preparation step,

di phenyl in 10 ml of acetonitrile, and measurement was conducted
using negative phase high performance liquid
chromatography (HPLC) .

The naegative phase high performance liquid
chromatography (HPLC) used a mixed solvent comprising
acetonitrile and 10 mM of an ammonium acetate aqueous
solution as an elute, and measurement was conducted at a
column temperature of 40°C under the condition that an
acetonitrile/10 mM ammonium acetate aqueous solution ratio
is changed starting from (20/80) and ending to (80/20).
Detection was conducted using UV detector of wavelength of
280 nm (SPD-6A, a product of Shimadzu Corporation).

[0072]

The structural units represented by the above-
described formulae (a) to (e) are detected as the
compounds of the formulae (f) to (j). The structural unit
was identified wusing LC-MS (Agilent-1100, a product of
Agilent) and NMR (AL-400, a product of JEOL Co., Ltd.).
Furthermore, regarding the content of each structural unit,
a calibration curve (concentration/peak area) was prepared
using a standard material of each compound, and the

content of each structural unit was quantitatively
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carbonate (DPC) and bi sphenol A (BPA) were mxed in a constant nolar ratio
(DPC/ BPA=1. 040) and heated to 140C in a nitrogen gas atnosphere to prepare
a molten mxture of raw materials. Next, the inside of a first vertical
stirring reactor 6a having a volune of 100 liters was controlled to 220C
and 1.33x104 Pa. [0075] Subsequently, the nmolten m xture of raw materials
was continuously supplied to the first vertical stirring reactor 6a through
a raw material introduction pipe at a flowrate of 88.7 kg/hr, and the
liquid le i ntai ned constant while controlling the opening of a
val ve (no%ggﬁﬁﬁﬁ?e%?ovided in a polyner discharge line at the bottom such
t hat an aygé?gf residence tine is 60 mnutes. Sinultaneously with starting
the supply o he nolten m xture of raw nmaterials, a cesium carbonate

aqueous shyit §pBafSrateaif Vald VeRe &P SLPOHSky) Supplied to the first

vertical stirring reactor 6a froma catalyst "supply port 5a in a proportion

of 0.6 pmol pergn@hf 2atBPAY)(lardd NGRbakN st@'ds Ofr)TRSAl a3 UmPEl N0l e of
BPA). [0076] A nolten reactant discharged fromthe bottomof the first

vertical séiychPBoh88E! Okefa VRaleaNhitBHOUBaked3d PR #81 Fowhigpnd
vertical stirring reactor 6b, a third
equations, respectively.

Shear rate (Y) (sec™l)=320/7D%*/h

Shear stress (1) (kPa)=u-y/1000

In the formulae, Q is a volume velocity (m*/sec), D
is an edge hole diameter (m) at a die plate outlet, h is
the number of holes in a die plate, and p is an apparent
viscosity (Pa-S).

The apparent viscosity (Pa-S) was obtained by that
the correlations between melt viscosity and temperature,
and between melt viscosity and shear rate on the aromatic
polycarbonate used are previously measured with a
capillorhecometer (L/D=10/1), and the corresponding melt
viscosity value is estimated from the shear rate (Y)
calculated by the above formula and a resin temperature at
a die hole outlet.

[0074]
(Aromatic polycarbonate)
(Synthesis Example 1l: Melting method)
An arcmatic polycarbonate was synthesized by the

continuous production apparatus shown in Fig. 1 under the

following conditions.
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vertical stirring reactor 6¢, a fourth vertical stirring reactor 6d and a
fifth horizontal stirring reactor 9a, successively, and a polyner w thdrawn
fromthe bottomof the fifth horizontal stirring reactor is held in a tank
in a nmolten state. The second vertical stirring reactor 6b, the third
vertical stirring reactor 6¢c and the fourth vertical stirring reactor 6d
each have a volune of 100 liters, and the fifth horizontal stirring reactor
9a has a volunme of 150 liters. [0077] The pol ycondensation reaction

condi tions (inRgr.gd enpgrgt Mel=Yely f er r|n in
t he second \(/ertrhﬁ'ca ‘Estrr‘f')l‘?r?ngq:r S’eact orle%bp %Q!%G%H%%Eﬁgr ?ggﬁt alﬂ%tl r 1 9
react or 9a, MeLe, St (@‘i‘-‘d‘)O' %Q @rend? Qe ?ﬁg_ﬂ)te‘m}gah&;‘% h_{gh vacuum

and low stirring rate t he progress of e pol ycondensati on reactlon

Second Veééﬁ%’énétinbﬁ.hﬁg fa?@fé 0 énﬁé/néRZQCo:;é? 3y Pﬁaau& gy 1 4¢%¢ d
vertical stirring reactor 40C, 995 Pa, 75 rpm Fourth vertical

stirring fgagt ﬁ&t@@geﬁz% Q'ZmJS’QphZ:'?er RB) prdpdrdICal seikah Hilxwturdy reactor
9a (260C, 67 Pa, 57 rpm” 39 During the polycondensation reaction, the liquid
of raw materials.

Next, the inside of a first vertical stirring
reactor 6a having a volume of 100 liters was controlled to
220°C and 1.33x10° Pa.

[0075]

Subsequently, the molten mixture of raw materials
was continuously supplied to the first vertical stirring
reactor 6a through a raw material introduction pipe at a
flow rate of 88.7 kg/hr, and the 1liquid level was
maintained constant while controlling the opening of a
valve (not shown) provided in a polymer discharge line at
the bottom such that an average residence time is 60
minutes.

Simultaneously with starting the supply of the
molten mixture of raw materials, a cesium carbonate
aqueous solution as a catalyst was continuously supplied
to the first wvertical stirring reactor 6a from a catalyst
supply port 5a in a proportion of 0.6 umol per mole of BPA
(1.2 ymol in terms of metal amount per mole of BPA).

[0076]
A molten reactant discharged from the bottom of the

first vertical stirring reactor 6a was continuously

38



| evel in each reactor was controlled such that an average residence tine in
the second vertical stirring reactor 6b to fifth horizontal stirring
reactor 9a is 60 mnutes. Furthernore, phenol by-produced simnmultaneously
with the polycondensation reaction was distilled away. [0078] The aronmatic
pol ycar bonate obtained (P-1) had a viscosity average nol ecul ar wei ght (M)
of 15,300, a term nal hydroxyl group concentration (OH) of 9.5 nol% and

t he degree of branching of 0.23 nol % (0079] (Synthesis Exanple 2 Mel ti ng

met hod) A&%ﬂ'@& Eopgeégék@g%ﬁg‘i’%ils%'%tﬂﬁnﬁ %@o‘?}t oA rat?m Sane

condi ti ons I'n-Synt except DPC/ BPA)

of i phenyl £aL09N Y8 Qr(é& }epBenola (BB Lol o BRI e

car bonat e aqueous cafalyst)’is 1.6 pnol per

t emper at u séceértf&afauatmvgaﬁettsa'héﬂisﬁegﬂ%&ﬁwm%d raaétfahe $afth

horizontal stirring reactor 9a are 2/0C and 280C, respective

aromati c QQ&&!&&&?@QE%G QlﬁTda'af‘eHoifmgi %‘ih@lra‘ﬁnscﬁféﬁ ytﬂeW&oﬁ”@PU' ar
wei ght (M) of 21 ternn hydr oxyl group concentration (OH) of 13.7

ol %  anghéhei 8eR" RBrQ2EoREaANCRItAG rahg0 rahc®rd id MM “D  Dgthesd s
Exanpl e 3: Ml ting nmethod)

a molten state.

The second vertical stirring reactor 6b, the third
vertical stirring reactor 6c and the fourth vertical
stirring reactor 6d each have a volume of 100 liters, and
the fifth horizontal stirring reactor 9a has a volume of
150 liters.

[0077]

The polycondensation reaction conditions {inner
temperature, degree of wvacuum and number of stirring) in
the second vertical stirring reactor 6b to fifth
horizontal stirring reactor 9a were set as follows so as
to be high temperature, high vacuum and low stirring rate
with the progress of the polycondensation reaction.

- Second vertical stirring reactor 6b
(220°C, 13,300 Pa, 110 rpm)

+ Third vertical stirring reactor 6c
(240°c, 1,995 Pa, 75 rpm)

- Fourth vertical stirring reactor 6d
(260°C, 67 Pa, 75 rpm)

- Fifth horizontal stirring reactor 9%a

(260°C, 67 Pa, 5 rpm)
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An aromatic pol ycarbonate was synthesized by setting to the sane conditions
as in Synthesis Exanple 2, except that the cesium carbonate aqueous
solution (catalyst) is 0.8 pnmol per nole of BPA The aromatic pol ycarbonate
obtained (P-3) had a viscosity average nol ecul ar weight (M) of 25,800, a
term nal hydroxyl group concentration (OH) of 33.8 nol% and the degree of
branching of 0.45 nold. [0081] (Synthesis Exanple 4: Interface nethod)

16. 31 kg/ hr of BPA, 5.93 kg/hr of sodiun1hydroxide and 101.1 kg/ hr of water

wer e di ssol vedﬂn Ip PEES ©NGS cfnc{)e c% reogﬂgyc{q{os%}{ t ;3%13 C, and

then cooled to 0 prep re n aq veous phase an or gan phase of

68.0 ka/ B‘i?‘ﬂél mfﬁh&!aéﬁe S rd%wacsooéc?rftlz %’Lf hp'i: B 8f aliG-Agieous

phase an € organi ¢ phase were supp 0 a St aln ess ot a6l e piping

(i nner dl@é@{&énce Gtmmg:l_r{t gpeddﬁl%r% gﬁ afngtﬂ% t I?.'%E‘:I.@t%’:‘ -Iaifi_ K

resulting mxture was e onom xer duct nane:

Honomi x Lige s5ledl LhorP2ohPae! s18 r i, UQEa@ftoIOkéléh'ilﬁ' k§o Crindty Or epare an

enul si on of an aqueous sol ution of BPA sodium (BPA-Na) salt (aqueous

phase) angyPEREYhERE, CPHEdIe bo-gablanceblins8imul 882bubeyt  witie amd sion
t hus obt ai ned was taken out of %% he honom xer by a piping (inner
di amet er \pS1yEdndehiSition reaction was distilled away.

[0078]

The aromatic polycarbonate obtained (P-1) had a
viscosity average molecular weight (Mv) of 15,300, a
terminal hydroxyl group concentration (OH) of 9.5 mol%,
and the degree of branching of 0.23 mol%.

[0079]
(Synthesis Example 2: Melting method)

An aromatic polycarbonate was synthesized by setting
to the same conditions as in Synthesis Example 1, except
that the molar ratio (DPC/BPA) of diphenyl carbonate (DPC)
to bisphenol A (BPA) is 1.04, the cesium carbonate aqueous
solution (catalyst) is 1.6 pumol per mole of BPA, and the
temperatures of the fourth vertical stirring reactor 6d
and the fifth horizontal stirring reactor 9a are 270°C and
280°C, respectively.

The aromatic polycarbonate obtained (P-2) had a
viscosity average molecular weight (Mv) of 21,200, a
terminal hydroxyl group concentration (OH) of 13.7 mol%,

and the degree of branching of 0.31 mol%.

[0080]
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dianmeter: 8 mm) branched fromthe honom xer, and contacted wth 7.5 kg/hr
of liquefied phosgene supplied froma pipe cooled to OC separately

i ntroduced into a pipe reactor, in the pipe reactor (rmade of Tefl on
(registered trade mark), inner diameter: 6 mm length: 34 m connected to
t he pi pi ng. Phosgene reaction and oligonerization reaction were conducted
during passing the enulsion and the liquefied phosgene through the pipe
reactor at a linear velocity of 1.7 nisec for 20 seconds while contacting

t hose. Ingé .Eh?§f§g% 1%e§gtﬁ8fFigﬁg§%§£§§glmas adjusted so as to be

60C, resp Ive ch Wwas exter ed to 35C before introducing

0o a next ol igORLigaLi nphaPkarbORETL GHLOLARRIAEY B bt Al ned

fromthe pipe Treac was | ntroduced”into a reaction tan

(ol gomer{gaghgn LK) edk Efbid! égg‘i?;n%ﬁcs SExhibEES 2 e%}i&é&gﬂ? wth a

stirring machine, and stirred at 3 Itrogen gas atmos By

further ofpgEMehbZidihiunNELACLREALBPANRINESEMutiod N caGHEQEE)Phase was
conpl etely consuned, and the aqueous phase and the organic phase were

separ at edp by \ghél | pét aRei&dost BBACDY Obtaining a nethylene chloride
solution of an oligoner. In oligonerizing, 0.005 kg/hr of triethylam ne

(catal yst) and fhd? dedhdtid PBAIJEEIBONELESD| (BB Beed ar (P49 Wit grodi fier)
were introduced into the oligonerization

viscosity average molecular weight (Mv) of 25,800, a
terminal hydroxyl group concentration (OH) of 33.8 mol%,
and the degree of branching of 0.45 mol%.
[0081]
(Synthesis Example 4: Interface method)

16.31 kg/hr of BPA, 5.93 kg/hr of sodium hydroxide
and 101.1 kg/hr of water were dissolved in the presence of
0.018 kg/hr of hydrosulfite at 35°C, and then cooled to
25°C to prepare an aqueous phase. Next, an organic phase
of 68.0 kg/hr of methylene chloride cooled to 5°C was
prepared. The aqueous phase and the organic phase were
supplied to a stainless steel-made piping (inner diameter:
6 mm, outer diameter: 8 mm) and mixed therein. The
resulting mixture was emulsified wusing a homomixer
(product name: T.K Homomix Line Flow LF-500 Model, a
product of Tokushukika Co.) to prepare an emulsion of an
aqueous solution of BPA sodium (BPA-Na) salt (aqueous
phase) and methylene chloride (organic phase).

[0082]

Next, the emulsion thus obtained was taken out of

41



tank. [0084] Subsequently, 23 kg of a nethylene chloride solution of the
ol i goner prepared was charged in a reaction tank having an inner vol une of
70 liters equipped with a pfaudler blade. To the reaction tank, 10 kg of
met hyl ene chloride for dilution was added, and 2.2 kg of a 25 wt% sodi um
hydr oxi de aqueous solution, 6 kg of water and 2.2 kg of triethylam ne were
further added. The resulting mxture was stirred at 30C in a nitrogen gas
at nrosphere to conduct pol ycondensation reaction for 60 m nutes, thereby

synt hesi zj | ol te. , f thyl e ori de
and 7 kgzgﬁgmg?g?&g%gétq% dgﬁqggg?ﬁg ﬁﬂﬁ@%ﬁir%gg?gg??'fgflg§édqﬁv§s irring
for 20 niéggﬁg% h h§ 14 s el ol e ﬂuﬁ?ﬁé t he
organi ¢ phase ﬁ%géegg%gga?ggpéggdk59§§ ngN%gﬁ§8§g%ﬁ#o?#§1apl m&%ﬁgdded to
the or gan£uPfse REPREARI1: e QP pitiacdid  bifp] 26d 12BN Ghipdf t o1
extracting triethylamne and a snmall "amount of a Tesidual alkal

conponent godéd Stb' [0°09 s rd tdIREJin 8PEdl88dAGHIY Sa IOBQ?S rduttdie, organic

were separated. [0085] 20 kg of pure water was added to the organic phase
separ at edianJHeDV\ﬁﬁpoy PEAELLRT {miidel S oF NpbesonTheredistérdd Watadd opped,
p

and the aqueous ase and the 43 organic phase were separated. This
oper at i onmy¥s) | eRARLSd diameter: 6 mm, length: 34 m) connected to
the piping.

Phosgene reaction and oligomerization reaction were
conducted during passing the emulsion and the liquefied
phosgene through the pipe reactor at a linear velocity of
1.7 m/sec for 20 seconds while contacting those. In this
case, the reaction temperature was adjusted so as to be
60°C, respectively, and each was externally cocled to 35°C
before introducing into a next oligomerization tank.

[0083]

An oligomerized emulsion obtained from the pipe
reactor as above was introduced into a reaction tank
(oligomerization tank) having an inner volume of 50 liters
equipped with a stirring machine, and stirred at 30°C in a
nitrogen gas atmosphere. By further oligomerizing,
unreacted BPA-Na present in the aqueous phase was
completely consumed, and the aqueous phase and the organic
phase were separated by still standing, thereby obtaining
a methylene chloride solution of an oligomer.

In oligomerizing, 0.005 kg/hr of triethylamine

{(catalyst) and 0.42 kg/hr of p-t-butylphenol (molecular
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(three tinmes) until chlorine ion in the extracted waste water is not
detected. The purified aromatic pol ycarbonate sol ution obtained was
powdered with a kneader. After drying, granular powder (flake) was
obt ai ned. The aromati c pol ycarbonate obtained (P-4) had a viscosity average
nmol ecul ar weight (M) of 21,000, a termnal hydroxyl group concentration
(OH) of 1.4 nold, and the degree of branching of 0 nold. [0086] (Synthesis
Exanple 5: Interface method) An aronmatic pol ycarbonate was synt hesi zed under

the sa ééygt' $ 'n‘éxgt(ﬁyfﬁgggggﬂ eply s -, 40Ut vyl phenol
(ol eculrrgfg |ghl%n8§m§|§§|r?ar) 'S Bi g/ hr. %éoa?gl%aﬁlé' po ;fg'azr tolaag{e

obt ai ned égﬁ@) had a viscosity average nol ecular weight (M) of 31,000, a
term nal hydroxyl group concentration (OH) of 1.3 nold, and the degree of

branchi ngyedg$y nol d. [0087] (Exanple 1) Particul ates of the aromatic
pol ycarbonate (P-4) previously synthesized were introduced into a

twin-screw extgudqien€lPduss R§ Kebg mbesklehbeldch1vridié HAMRin 0. 046
m L/D=36) in a rate of 50 kg/hr, extrusion nolded while controlling such
that a resfntheMaridjoiidr dprapdted #hsOUth&iged 390G 288cBebhettAad.
having an inner volume of 70 liters equipped with a
pfaudler blade. To the reaction tank, 10 kg of methylene
chloride for dilution was added, and 2.2 kg of a 25 wt$%
sodium hydroxide aqueocus solution, 6 kg of water and 2.2
kg of triethylamine were further added. The resulting
mixture was stirred at 30°C in a nitrogen gas atmosphere
to conduct polycondensation reaction for 60 minutes,
thereby synthesizing an aromatic polycarbonate.

Next, 30 kg of methylene chloride and 7 kg of water
were added to the molten reactant, followed by stirring
for 20 minutes. The stirring was stopped, and the aqueocus
phase and the organic phase were separated. 20 kg of 0.1N
hydrochloric acid was added to the organic phase separated,
followed by stirring for 15 minutes. After extracting
triethylamine and a small amount of a residual alkali
component, the stirring was stopped, and the aqueous phase
and the organic were separated.

[0085]
20 kg of pure water was added to the organic phase

separated, followed by stirring for 15 minutes. The

stirring was stopped, and the aqueous phase and the
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The twi n-screw extruder is provided with a die plate having 17 die holes 9
havi ng a schematic cross section shown in Fig. 2 (arranged in staggered

shape) , and three vent holes. The die hole 9 has an inner dianeter (0) of
3.0 mfm and a capillary length (L) of 13 mm A taper (half apex ang
10, depth: 1.4 mm edge dianeter: 3.5 mm) is forned at the tip of the die

hol e 9. When extrusion nol di ng was conduct ed under the above

condi t

le (0):

i ons,

t he nol di ng extrusion could be operated by 103 hours w thout generation of

The snoayearphe BRRpd netRCihaRheed'0 IHRY' cRfiRualn Wits Xhadfid

1] , and

i anmet er:

pol ycar bok@ﬁgeé P—t%_)mer_)sr)ev,glg?§%é cgﬁ_)é%&%si)%gﬁo ess'}pé r ggﬁgg“i‘"& edmld en state

into a twn- SCrew extru eel

screw d

0.046 m %égggGiftﬁgg 3eBA:8f butyl p- toluenesul fonate was added thereto.

The resulting no

devol ati li zi ng, pRad pﬁh&:?kiéﬁd- -'a_l?:%gx'a‘@i'&' sc i ﬁgﬁ%tgoess%%{%

taper at a die hole outlet part and is prov di e

p

en mxture was extrusion nolded while hydrogenating and

m a
aving 17

di e hol esg8ehinEa" WhSMBIGHAd A with MR iheac | | arket&RTdkding, 15 ™)

havi ng a rectangul ar edge
granular powder (flake) was obtained.

The aromatic polycarbonate obtained (P-4)
viscosity average molecular weight (Mv) of 21
terminal hydroxyl group concentration (CH) of 1.
and the degree of branching of 0 mol%.

[0086]

{(Synthesis Example 5: Interface method)

had a
,000, a
4 mol%,

An aromatic polycarbonate was synthesized under the

same conditions as in Synthesis Example 4, except

that p~-

t-butylphenol (moclecular weight modifier) is 0.27 kg/hr.

The arcomatic polycarbonate obtained (P-5)

viscosity average molecular weight (Mv) of 31

terminal hydroxyl group concentration (OH) of 1.

and the degree of branching of 0 mol%.
[0087]

{Example 1)

had a
,000, a
3 mol%,

Particulates of the aromatic polycarbonate (P-4)

previously synthesized were introduced into a twin-screw

extruder (a product of Kobe Steel, Ltd., screw diameter:

0.046 m, L/D=36) in a rate of 50 kg/hr, extrusion molded

while controlling such that a resin temperature at a die
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(arranged in series), and three vent hol es. Wen extrusion nol di ng was
conducted under the above conditions, the nolding extrusion could be
operated by 60 hours w thout generation of eye boogers. During the
operation, the shear rate (y) was 454 [sec-1], and the shear stress (t) was
60 [kPa]. [0089] (Exanple 3) The aromatic pol ycarbonate (P-2) previously
synt hesi zed was introduced in a nolten state into a twin- screw extruder
equi pped with the die as used in Exanple 1, and 5 ppm of butyl

p- tquen ﬂﬁﬁb The resulting nolten mxture was

ext rusi on rmi%ggig %3‘% éen ]tl ng and devol atilizing, and pelletized.

The tw n-screwqpd ryglar_ LSedy | §xPEQY Qegs"‘%&pvi‘dghem%a%] %VLF[}% / die
ape?, an

hol es 9 (arrang in staggered S hree vent h le hole 9

has an t f d o8 { n o
S.2n | Nigindll 975!l (Ableal 44 ‘93}",?‘ R it A LU S S

A taper pex ang
formed atgy tiR@‘ he, digrp g fé?:loé‘h | NgnWasHryeduct ed
under thes con |t|ong * ﬁ%&ﬁn élng exXtrusi on €§ﬁ+g benoperated by 74

hour s th;ghg Kgiggellon of eye boogers. During the operation, the shear
rate (y) was 154 [sec'], and the shear stress C) was 180 [kPa]. 46 [0090]

The die hole 9 has an inner diameter {(®) of 3.0 mm
and a capillary length (L) of 13 mm. A taper (half apex
angle (0): 10°, depth: 1.4 mm, edge diameter: 3.5 mm) is
formed at the tip of the die hole 9.

When extrusion molding was conducted under the above
conditions, the molding extrusion could be operated by 103
hours without generation of eye boogers. During the
ocperation, the shear rate (y) was 181 [sec'll , and the
shear stress (1) was 107 [kPa].

[0088]
(Example 2)

The aromatic polycarbonate (P-1) previously
synthesized was introduced in a molten state into a twin-
screw extruder (a product of Kobe Steel, Ltd., screw
diameter: 0.046 m, L/D=36), and 5 ppm of butyl p-
toluenesulfonate was added thereto. The resulting molten
mixture was extrusion molded while hydrogenating and
devolatilizing, and pelletized.

The twin-screw extruder does not form a taper at a
die hole outlet part and is provided with a die plate

having 17 die holes 9 (inner diameter (®): 3.8 mm,
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(Exanmpl e 4) The aromatic pol ycarbonate (P-3) previously synthesized was

i ntroduced in a nolten state into the sanme tw n-screw extruder equi pped
with a die plate as in Exanple 3, and 5 ppm of butyl p-toluenesul fonate was
added thereto. The resulting nolten m xture was extrusion nolded while
hydr ogenati ng and devol atilizing, and pelletized. Wen extrusion nolding
was conducted under the above conditions, the nolding extrusion could be
operated by 79 hours w thout generation of eye boogers. During the

ti h h 54 ! th h t 2
SR L1 e ab D SEG GG, (1) 0054 el Salynd™d | B BRGHE 251 TS (2) 10
i nt i . t i i D- t d duct f
vos "L OESfdRain B ERaF 205’ PR GUAE RBAEY.C11 0Er (3 product o
| at e havi 1%di ] I . il th
pate hav 15 Liwils 0Le5o(LAnek dhARPLEG CbBbactoc Hler d lighd en

rect angul@§n&ggfo?% ar 5ﬂagﬁ%1u&3§g(r§,ﬁ?usﬂw S £E BSHE:PQ%% ?ﬁ ey Ppm of

butyl p-toluenesulfonate was a ereto. The resulting no m xt ure

was  ext r UgheRs Mol Sath i | Serbrl OOS021NT ayan 0 rdRyRiat | | | 2WfingNthe
pel l etized. 47 When extrusion nol di ng was “conduct’'ed under the above
operation, the shear rate (y) was 454 [sec'], and the
shear stress (t) was 60 [kPa].
[0089]
(Example 3)

The aromatic polycarbonate (P-2) previously
synthesized was introduced in a molten state into a twin-
screw extruder equipped with the die as used in Example 1,
and 5 ppm of butyl p-toluenesulfonate was added thereto.
The resulting molten mixture was extrusion molded while
hydrogenating and devolatilizing, and pelletized.

The twin-screw extruder used is provided with a die
plate having 17 die holes 9 (arranged in staggered shape),
and three vent holes. The die hole 9 has an inner
diameter (®) of 3.0 mm and a capillary length (L) of 13 mm.
A taper (half apex angle (0): 10°, depth: 1.4 mm, edge
diameter: 3.5 mm) is formed at the tip of the die hole 9.

When extrusion molding was conducted under the above
conditions, the molding extrusicn could be operated by 74
hours without generation of eye boogers. During the

operation, the shear rate (y) was 154 [sec™'], and the

shear stress (1) was 180 [kPa].
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conditions, many eye boogers were generated in 4 hours. During the
operation, the shear rate (y) was 1,801 [sec-1], and the shear stress (,C)
was 233 [kPa]. [0092] (Conparative Exanple 2) Granul ates of the aronmatic
pol ycarbonate (P-5) previously synthesized were introduced into a

twi n-screw extruder equipped wth a die plate having 17 die holes
(arranged in series) each having a taper (half apex angle (0): 5, depth:
1.0 mm edge dianeter: 2.4 mm) formed at the tip thereof, and 5 ppm of
butyl p-t esul fonate was added thereto. The resulting m xture was

ext rusi on ed while hydrogenating and devol atilizing, and pelletized.
When extr on QPI I ng was conduct ed under the above conditions, many eye
booger s P& Generdted in 6 hours. EUrlng t he operatlon the shear rate (y)

was 338 [sec- 1], q and ar L

(Conparative Exéﬁ%le §§g§ﬁgggro 453na onatgP EF F£S|n prey'ously
synt hesi d-!lé i:Po&uHBht ét ﬂB?tbﬂt Qtﬁtia"“ oS Ul Safdd uder
equi pped t e pl ate avi ng 17 (arranged 1 n staggered shape)

each havi sy dbelda e@?%ﬁeio) edie by gg di aneter:
3.8 M) ftl'c‘igll'rrr'\;;,\Ldg at theétl p taﬁgre d S‘ij%?oféibﬁlyl ;]?%46832 c;I.esSenesul fonate

was addede iR 03, TARdT§SHbhi 88 BRkyENp-toluenesulfonate was added

thereto. The resulting molten mixture was extrusion
molded while hydrogenating and devolatilizing, and
pelletized.

When extrusion molding was conducted under the above
conditions, the molding extrusion could be operated by 79
hours without generation of eye boogers. During the
operation, the shear rate (y) was 454 [sec’'l, and the
shear stress (1) was 118 [kPa].

[0091]
(Comparative Example 1)

The aromatic polycarbonate (P-1) was introduced in a
molten state into a twin-screw extruder (a product of Kobe
Steel, Ltd., screw diameter: 0.046 m, L/D=36) provided
with a die plate having 17 die holes (inner diameter (®):
2.4 mm, capillary length (L): 11 mm) which each do not
have a taper at an outlet part and have a rectangular edge
(arranged in series), and three vent holes, and 5 ppm of
butyl p-toluenesulfonate was added thereto. The resulting
molten mixture was extrusion molded while hydrogenating

and devolatilizing, and pelletized.
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m xture was extrusion nol ded while hydrogenating and devolatilizing, and
pell etized. Wien extrusion nol di ng was conduct ed under the above

conditions, eye boogers were not generated by 90 hours. However, in the
course of the operation, strand cutting frequently occurred, and continuous
operation could not be conducted. During the operation, the shear rate (y)
was 454 [sec'], and the shear stress (t) was 29 [kPa]. The conditions of
the dies used in the extrusion nolding in the Exanples and the Conparative

Baaml es are U di Jabl Sn Taq i BEnd" ARE" LEARNOLeU"GpbES! Ehel 3Byl the

extrusion nDIdlng are n e resu PS=5t St usion
VT R o RERYG ks DRReRE O s e a2 S
C 2 C 0GAR00; Q& §98rdtfen CALL SHLErCPALD &) Ywas 1,801 [sec™],

and the shear stress (1) was 233 [kPa].

[0092]

(Comparative Example 2)

Granulates of the aromatic polycarbonate (P-5)
previously synthesized were introduced into a twin-screw
extruder equipped with a die plate having 17 die holes
(arranged in series) each having a taper (half apex angle
(8): 5°, depth: 1.0 mm, edge diameter: 2.4 mm) formed at
the tip thereof, and 5 ppm of butyl p-toluenesulfonate was
added thereto. The resulting mixture was extrusion molded
while hydrogenating and devolatilizing, and pelletized.

When extrusion molding was conducted under the above
conditions, many eye boogers were generated in 6 hours.
During the operation, the shear rate (y) was 338 [sec],
and the shear stress (1) was 352 [kPa].

[0093]
(Comparative Example 3)

The aromatic polycarbonate (P-1) resin previously
synthesized was introduced in a molten state into a twin-
screw extruder equipped with a die plate having 17 die
holes (arranged in staggered shape) each having a taper
(half apex angle (0): 15° depth: 1.5 mm, edge diameter:

3.8 mm) formed at the tip thereof, and 5 ppm of butyl p-
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toluenesulfonate was added thereteo. The resulting molten
mixture was extrusion molded while hydrogenating and
devolatilizing, and pelletized.

When extrusion molding was conducted under the above
conditions, eye boogers were not generated by 90 hours.
However, in the course of the operation, strand cutting
frequently occurred, and continuous operation could not be
conducted. During the operation, the shear rate (y) was
454 [secd], and the shear stress (1) was 29 [kPa].

The conditions of the dies used in the extrusion
molding in the Examples and the Comparative Examples are
shown in Table 1, the properties of the resins used in the
extrusion molding are shown in Table 2, and the results of
extrusion molding are shown in Table 3.

[0095]
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anount tenperature (C) viscosity () eye boogers (kg/hr) (PaS) are generated
(hr) 1 50 300 590 103 2 160 290 132 82 Exanple 3 160 310 397 74 4 160
350 260 79 1 160 290 129 4 Conparative 2 30 320 1043 6 Exanple 3 160 290
64 90" **) Strand cutting frequently occurred, and continuous operation
could not be conducted. [0097] As shown in Tables 1 to 3, according to the
production nethod of the present enbodi nent, when 51 extrusion nolding is
conducted using a die having a taper having a half apex angle (0) of from4
to 20 forpgg SL a die hole outlet part in a shear rate (y) at an extruder
outlet in 7 ge of from 100 to 500 sec' and a shear stress (t) in a range
of fron15ﬁ%;§+gogkkPa in pelletizing an aromatic pol ycarbonate, eye boogers

at the ti trusion nolding are reduced, and continuous operation
over a longperiod of tinme is possible.
Resin | Viscosity average Terminal Degree of
molecular weight hydroxyl group branching
(Mv) concentration (mol%})
{(mol%)
1 P-4 21000 1.4 .
2 P-1 156300 9.5 0.23
Example
3 P-2 21200 13.7 0.31
4 P-3 25800 33.8 0.45
1 P-1 15300 9.5 0.23
Comparative
2 P-5 30100 1.3 -
Example
3 P-1 16300 9.5 0.23
[0096]
[Table 3]
Extrusion Resin Apparent Time at which
amount temperature (°C) viscosity (1) eye boogers
(kg/hr) (PasS) are generated
(hr)
1 50 300 590 103
2 160 290 132 82
Example
3 160 310 397 74
4 160 350 260 79
1 160 290 129 4
Comparative
2 30 320 1043 6
Example
3 160 290 64 90*

*) Strand cutting frequently occurred, and continuous operation could not be

conducted.
[0097]

As shown in
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[0098] While the invention has been described in detail and wth reference
to the specific enbodinents thereof, it wll be apparent to one skilled in
the art that various changes and nodifications can be made therein wthout
departing fromthe spirit and scope thereof. This application is based on
Japanese Patent Application (Patent Application No. 2007-014309) filed
January 24, 2007 and Japanese Patent Application (Patent Application No.
2007-291018) fil ed Novenber 8, 2007, the entire contents thereof being

her oby. | NGOERQLALE tybYas heT ECRERaucides dtly APPR goRbLihy L QA3

According to e present Tnvention, on o

ROl yoar bt g ©4CnleeISEERA e 101! efih HoEAN 200! diiel g luced.

and continuous™ operatioh over period of tine is possi

Ther ef orgg; d hgehad bl ejqf 4h S | NMBNTLON 44 ble. 53
CLAI M5 idl%é\ g?%%ugﬁ%féﬁe}\f{%ﬁg 3?‘ aEIn g?gérgt i(i%ttglol %ar%‘gng?e%’{: ar aég?eri zed

in that igu@r et had 4 ofagger ¥ oprsm! diotd €85 5000MEeEe RElY/Car pake with an
extruder and pelletizing "the sane, extrusion nolding is conducted under
t hat stress (1) in a range of from 50 to 200 kPa in pelletizing
an aromatic polycarbonate, eye boogers at the time of
extrusion molding are reduced, and continucus operation
over a long period of time is possible.
[0098]

While the invention has been described in detail and
with reference to the specific embodiments thereof, it
will be apparent to one skilled in the art that wvarious
changes and modifications can be made therein without
departing from the spirit and scope thereof.

This application is based on Japanese Patent
Application (Patent Application No. 2007-014309) filed
January 24, 2007 and Japanese Patent Application (Patent
Application No. 2007-291018) filed November 8, 2007, the
entire contents thereof being hereby incorporated by
reference.

Industrial Applicability
[0099]

According to the present invention, in the
production of an aromatic polycarbonate, eye boogers at
the time of extrusion molding are reduced, and continuous

operation over a long period of time 1is possible.
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a shear rate (y) at an outlet of the extruder is in a range of from100 to
500 sec', and a shear stress (t) at the outlet of the extruder is in a
range of from50 to 200 kPa. 2. The production nethod of an aromatic

pol ycarbonate as clainmed in claim 1, characterized in that a die for
extruder having a taper having a half apex angle of from4 to 20 forned on
the outlet part of the die for extruder is used. 3. The production nethod
of an aromatic pol ycarbonate as clainmed in claiml, characterized in that
di e hol eSp f %’%g on di; I r nged r 4. The
producti on Ioef oftlg?l é'r?lg?rlastq.' #gaaoﬁ/%%‘%%o%gt eé Hé ?E%%angdﬂviﬂﬁﬁ%n

charact erjzed i} ldifle the aromatic pol ycarbonate is obtained by a reactl on
bet ween an ‘aromatl ¢ di hydroxy conpound and a carbonic diester. 5. The
production nmethod of an aromatic pol ycarbonate as claimed in claiml,
characterized in that a viscosity average nol ecul ar weight (M) is 13,000 or
nore, the proportion of hydroxyl group (OH) in the whole termnal groups is
from5 to 50 nold, and 54 a ratio of the total nole nunmber of branched
structural units to one nole of a structural unit represented by the
followwng formula (a) is from0.1 to 0.8 nold. [Chem 1]
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0O fOx - (a) (In the formula (a), X represents a single bond, an al kyl ene
group having from1 to 8 carbon atons, an al kylidene group having from2 to
8 carbon atons, a cycloal kyl ene group having fromb5 to 15 carbon atons, a
cycl oal kyl i dene group having from5 to 15 carbon atons, or a divalent group
selected fromthe group consisting of -0-, -S-, -CO, -SO and -S2-.) 55

CLAIMS

l. A production method of an aromatic polycarbonate,
characterized in that in a method for extrusion molding an
aromatic polycarbonate with an extruder and pelletizing
the same, extrusion molding is conducted under that

a shear rate (y) at an outlet of the extruder is in a
range of from 100 to 500 sec™®, and

a shear stress (1) at the outlet of the extruder is in
a range of from 50 to 200 kPa.

2. The production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that a die for
extruder having a taper having a half apex angle of from 4
to 20° formed on the outlet part of the die for extruder
is used.

3. The production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that die holes
formed on a die plate are arranged in a staggered state.

4. The production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that the aromatic
polycarbonate is obtained by a reaction between an
aromatic dihydroxy compound and a carbonic diester.

5. The production method of an aromatic polycarbonate
as claimed in claim 1, characterized in that

a viscosity average molecular weight (Mv) is 13,000 or
more, the proportion of hydroxyl group (OH) in the whole

terminal groups is from 5 to 50 mol%, and
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a ratio of the total mole number of branched
structural units to one mole of a structural unit
represented by the following formula (a) is from 0.1 ¢to
0.8 mol%.

[Chem. 1]

O OB

(In the formula (a), X represents a single bond, an
alkylene group having from 1 to 8 carbon atoms, an
alkylidene group having from 2 to 8 carbon atoms, a
cycloalkylene group having from 5 to 15 carbon atoms, a
cycloalkylidene group having from 5 to 15 carbon atoms, or
a divalent group selected from the group consisting of -0-,

-§-, -CO-, -SO- and -SO,-.)
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